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WATER RESOURCES OF THE RAFT RIVER BASIN, 
IDAHO-UTAH

By R. L. NACE and others

ABSTRACT

Much arable land in the Raft River basin of Idaho lacks water for irrigation, 
and the potentially irrigable acreage far exceeds the amount that could be 
irrigated with the estimated total supply of water. Therefore, the amount of 
uncommitted water that could be intercepted and used within the basin is the 
limiting factor in further development of its native water supply. Water for 
additional irrigation might be obtained by constructing surface-storage works, 
by pumping ground water, or by importing surface water. Additional ground- 
water development is feasible. As an aid to orderly development and use of 
the water supplies, the report summarizes available geologic and hydrologic 
data and, by analysis and interpretation, derives an estimate of the recoverable 
water yield of the basin.

The Raft River basin includes about 1,560 square miles, of which about 360 
is in the Raft River valley. Most of the irrigated and irrigable land lies in the 
lower Raft River valley and an adjacent section of basalt plain south of Lake 
Walcott.

The Raft River basin is a mountain-and-valley area in which rugged mountain 
ranges rise boldly above the aggraded alluvial plains of intermontane valleys. 
Topography and geologic structure strongly influence the climate and hydrology 
of the basin. The Raft River, the master stream, rises in the Goose Creek 
Mountains of northwestern Utah and flows generally northeastward and north 
ward, joining the Snake River in the backwater of Lake Walcott, a Federal 
reclamation reservoir in the Snake River Plain.

The climate of the Raft River basin ranges from cool subhumid in the moun 
tains to semiarid on the floor of the Raft River valley. Precipitation ranges 
from 10 to 12 inches on the valley floor to more than 32 inches at some places 
in the mountains. Rainfall is light during the growing season and irrigation 
is necessary for most cultivated crops. The mean annual temperature in the 
central lowland is about 45° to 48° F. The estimated average rate of evapora 
tion from lowland free-water surfaces is slightly less than 41 inches per year. 
The average relative daytime humidity in the lowland in summer probably is 
about 25 percent.

About 43,000 acres of land is irrigated, most of it in the Raft River valley. 
Nearly all usable surface water in the basin is diverted for irrigation and about 
18,000 acres is irrigated exclusively with surface water. Most stock, farm, and 
domestic water is from wells. Irrigation with ground water is widely practiced 
and 25,000 acres was irrigated partly or wholly with ground water in 1954.

1



2 WATER RESOURCES OF RAFT RIVER BASIN, IDAHO-UTAH

Although much information is available about the geology of the basin, it 
is not sufficiently detailed to permit a complete analysis of the complex inter 
relations of the geology, climate, and hydrology. The Raft River basin has a 
complex structural, geologic, and physiographic history. The landforms and 
the geologic structures control the surface drainage pattern as well as the 
occurrence and movement of ground water. The principal water-bearing ma 
terials in the area are volcanic and lake deposits of the Salt Lake(?) formation, 
the Raft Lake beds, unnamed deposits of alluvial gravel and sand, and the 
Snake River basalt. Large-scale development of ground water would be pos 
sible only in the Raft River valley; therefore, only those geologic features that 
are most closely related to the occurrence of ground water in the valley are 
discussed. Nevertheless, much geologic information that is omitted from the 
report was considered in the hydrologic interpretations.

The estimated total volume of water contributed to the Raft River basin 
by precipitation is 1,290,000 acre-feet per year. Potential evapotranspiration, 
calculated by the Thornthwaite method for three locations in the valleys of 
the basin, ranges from 22.5 to 24.4 inches yearly. Actual evapotranspiration 
is much less because of the natural water shortage, and the estimated average 
for the entire basin is about 13.3 inches per year. The estimated total volume 
of actual evapotranspiration from the entire basin is 1,105,000 acre-feet yearly 
(not adjusted for increased consumptive use on irrigated land). This estimate 
is derived by a new method, not previously published. The method minimizes 
some of the consequences of unavoidable errors, which tend to be magnified 
in the Thornthwaite method.

Although potential evapotranspiration is about twice the precipitation in 
lowland areas, not all the precipitation is consumed. Precipitation is distri 
buted unevenly through the year; runoff and recharge occur during periods of 
local and temporary excess of water. The excess of precipitation over actual 
evapotranspiration, averaged for the entire basin and called the water yield, 
is about 2.2 inches. This value is computed by methods explained in the report.

The Raft River discharges about 17,000 acre-feet of water yearly from the 
part of its watershed that lies above The Narrows. Below The Narrows the 
river alternately loses and gains water by seepage into and out of the ground. 
Most of the surface water is diverted for irrigation and the discharge of the 
river at its mouth is less than 10,000 acre-feet yearly. The unused surface- 
water yield of the basin therefore is only a small fraction of the total water 
yield.

Ground water occurs under both water-table and artesian conditions. Most 
of the readily accessible unconfined ground water of good quality occurs at 
shallow depth in alluvium below The Narrows and north of Strevell, and in 
basalt in the Northern Plains section. The Raft lake beds also are aquifers 
but their extent is not known. Artesian water occurs in the Salt Lake(?) 
formation, which is presumed to underlie most of the lowland in the Raft River 
valley. A water-table map of the central valley lowland shows that the slope 
of the water table ranges between 10 and 40 feet per mile in a general north 
ward direction, and the depth to water is less than 50 feet in a narrow belt 
adjacent to the Raft River. In the northern section, or basalt plains, the depth 
to water is as much as 300 feet, and in places perhaps more.

Systematic observations have been made of water-level fluctuations in parts 
of the basin since 1948. In upland areas water levels are lowest in winter 
and early spring and highest in late summer. In the irrigated lowland of the 
Raft River valley water levels rise to their highest stage early in the irrigation
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season, but drop soon thereafter. The yearly water-level fluctuations range 
from 1 or 2 feet in some lowland areas to 25 feet or more at higher altitudes. 
Despite recent increased pumping of ground water, there was no noticeable net 
decline of water levels from 1948 through 1956, even in heavily pumped areas.

Ground water is recharged in the Raft River basin by direct penetration of 
precipitation, by infiltration from streams, and by infiltration of irrigation 
water. Ground water in valley lowlands is replenished also by underflow 
from adjacent highlands. ,The ultimate origin of the water from all these 
sources is precipitation. Unconsumed precipitation, estimated to be about 
184,000 acre-feet yearly, is divided between surface runoff and ground-water 
recharge. Very little runoff reaches the Snake River, so nearly all unconsumed 
water becomes ground-water recharge at some place above the mouth of the Raft 
River. Locally, as in the valley of the Raft River above The Narrows, the 
volume of runoff is appreciable.

Some ground water is discharged to streams, but these in turn lose some 
water to the ground. Owing to the complexity of relations between ground 
water and surface water, it is not realistic to treat the two separately.

The chemical quality of water in the Raft River basin is important in irriga 
tion because some of the water is doubtful to unsuitable for the types of soils in 
the arable areas. The chemical quality varies widely and needs much additional 
study. The temperature of the ground water varies widely. Most is between 
48° and 60° F but some is as warm as 211° F.

Pumpage of ground water increased tenfold from about 8,700 acre-feet in 1948 
to 64,000 acre-feet in 1955. The amount of land irrigated with the water is 
not known because some land is irrigated with a combination of ground and 
surface water. In addition to the volume of evapotranspiration in the basin, 
which is computed to be 1,105,000 acre-feet yearly in the natural state, the 
35,000 acres of irrigated cropland in the Raft River valley consume about 39,000 
additional acre-feet of water; 8,000 acres in the Yost-Almo basin consume 
5,000 additional acre-feet. The net consumptive use, therefore, is nearly 
1,150,000 acre-feet. The unconsumed residual water yield of the whole basin 
is about 140,000 acre-feet. Less than 10,000 acre-feet leaves the basin by 
surface flow at the mouth of the Raft River; the rest leaves the basin by under 
flow. The loss in the Raft River is compensated partly by infiltration to the 
Northern Plains section from the bed of Lake Walcott. The uncommitted 
water supply of the basin, therefore, is assumed to be the same as the un 
consumed residual water yield 140,000 acre-feet, in round numbers. The re 
coverable and usable part of that supply is the limiting factor in any further 
development of the basin with its native water supply.

The lowland area of the Raft River valley alone contains about 386,000 acres 
of undeveloped land. But if only 100,000 acres is irrigable the consumptive-use 
demand for its irrigation would be about 111,000 acre-feet per year in addition 
to the existing natural consumptive use. The total diversion or pumping de 
mand would be 200,000 to 300,000 acre-feet, or far more than the estimated 
available supply of unconsumed and uncommitted water. Much of the uncon 
sumed pumped water would return to the ground-water body within the area 
of use and be recirculated. The net pumping demand, therefore, would be 
much less than 200,000 acre-feet and probably not much more than 111,000 acre- 
feet. Hydrologic factors that would limit recovery and use of the water are the 
capacities of the aquifers to yield water to wells, the amount of water that 
wells or other structures can intercept, the effects of new pumping on established 
water rights, and the suitability of the water for irrigation.
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Successful irrigation wells in the Raft River valley have specific capacities 
ranging from a few to 312 gpm (gallons per minute) per foot of drawdown, and 
are pumped at rates of about 90 to 3,125 gpm. The coefficient of transmis- 
sibility, as determined by pumping tests at two sites, is about 180,000 gpd 
(gallons per day) per foot. Estimates by other methods indicate an average 
of about 200,000 gpd per foot, but this probably represents only about the upper 
200 feet of the aquifers. Similar aquifer characteristics undoubtedly prevail 
at many places in the valley. The general ability of the aquifers to accept 
recharge readily and to transmit water freely is evident.

Not all the available ground water could or should be intercepted by wells. 
If it is assumed that a pumping season lasts 120 days, during which wells are 
being pumped 18 to 24 hours per day, the pumping time would be equivalent to 
about a third of each year or less. Underflow of ground water out of the valley, 
however, occurs the year round, and even during the pumping season not all the 
underflow could be intercepted. Enough water 50,000 to 75,000 acre-feet  
might be intercepted for the diversion demand of 25,000 to 30,000 acres of land. 
By temporary overpumping from strategically located wells during each irri 
gation season, a larger percentage of water would be recovered than if wells 
were pumped less. These and other estimates undoubtedly will be revised as 
development proceeds and more information becomes available.

The pumping of 75,000 additional acre-feet of water for irrigation would nearly 
double the 1955 pumping demand for water, and total pumpage would be about 
160,000 acre-feet per year. The total acreage irrigated with ground water and 
surface water would be about 73,000, for which the consumptive-use demand 
not already accounted for as natural consumptive use would be about 81,000 
acre-feet, or about 44 percent of the total natural water yield of the basin. This 
demand probably would not exceed the safe water yield of the basin, because the 
unconsumed pumped water would be available for return-recharge of ground 
water.

"With proper management of the total water supply, whether from the ground 
or surface streams, new development on the scale indicated might entail local 
competition for water. Regional competition with users outside of and down 
stream from the Raft River basin would be negligible. If optimum development 
of all water in the Raft River basin is to be achieved, it may be necessary to 
manage and utilize all the water as a single resource. Perhaps water rights 
could be broadened to apply to any water, whether from the ground or from 
surface streams.

Logs of 81 wells and tabular records of the characteristics of nearly 400 wells, 
are given at the end of the report.

INTRODUCTION

PURPOSE AND SCOPE

The purpose of studies in the Raft River basin was to estimate the 
total water yield of the basin, the parts of that yield that are available 
as surface water and ground water, the amount of ground water that 
might be recovered for beneficial use, and the effect of such use on 
downstream water supplies.

Much arable land in the Raft River basin lacks water for irrigation. 
The basin contains only one small surface-storage reservoir, and
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nearly all the surface water discharged by streams during the irriga 
tion season is appropriated. Supplemental water for old land and a 
supply for new land could be obtained only by constructing surface- 
storage reservoirs, by pumping ground water, or by importing water. 
The amount of surplus winter and flood runoff may be too small to 
justify storage. Moreover, surface storage would not solve the main 
problem in the valley, which is that the total water supply is not 
adequate for all the undeveloped irrigable land. Water might be 
imported from the Snake Kiver but that possibility seemingly has not 
been studied. Many irrigation wells have been drilled in the Kaft 
Kiver valley since 1948, and more are in prospect.

For ground-water development and use to be orderly, with due at 
tention to the problem of the total water supply, basic hydrologic 
information is needed by water users, by State and local officials who 
administer water rights, and by Federal agencies who are concerned 
with land and water use. The amount of ground water that might 
be used for irrigation in the Kaft Kiver basin is of direct concern to the 
public and public agencies. Federal agencies that administer the 
public lands need to know whether the perennial ground-water supply 
is sufficient to irrigate more than 30,000 acres of public land on which 
desert-entry and homestead applications have been allowed or were 
pending in 1956. About 20,000 acres of State-owned land might be 
sold to persons who plan to irrigate.

Data for this report were obtained during parts of several field 
seasons. The occurrence of shallow, unconfined ground water and 
deeper, confined (artesian) water; the relations of the water table in 
the Kaft River valley to the channel conditions and regimen of the 
Raft and Snake Rivers and to the stages of Lake Walcott; the roles of 
precipitation, runoff, and ground-water recharge in the hydrologic 
cycle; and the relations of ground-water levels and fluctuations to the 
yearly withdrawals of ground water were studied.

Work in the Raft River basin included canvassing and measuring 
420 wells, obtaining data on subsurface conditions, and making peri 
odic measurements in observation wells. Thirteen wells were measured 
1 to 12 times a year; recording gages were operated on five additional 
wells. Altitudes of many wells were determined with a spirit level in 
accordance with standards for third-order leveling. Bench marks of 
the U.S. Coast and Geodetic Survey furnished vertical control. Loca 
tions of most wells were determined by stadia traverse from section- 
corner markers. Pumpage data were collected for irrigation wells, and 
seasonal ground-water withdrawals were computed from records of 
electric-power consumption. Miscellaneous measurements of seepage
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losses and gains in the Kaft Kiver between The Narrows 1 and Lake 
Walcott were made with a pigmy current meter. The discharges of 
Raft River at Peterson Ranch near The Narrows, about 8 miles south 
west of Bridge, and of Clear Creek near Naf are measured by the 
Geological Survey, and these records are published annually in water- 
supply papers.

Wells were canvassed and ground-water levels were measured in 
1948 by R. L. Nace, R. W. Mower, S. W. Fader, Eugene Shuter, and 
Glenn Brandvold. Leveling was done by R. W. Mower and S. W. 
Fader. Supplemental records were collected by H. G. Sisco during 
several periods from 1950 to 1955, and the pumpage records are 
virtually complete as of the end of the 1955 water year. Hydraulic 
coefficients were computed by J. W. Stewart from pumping tests. 
Several authors contributed sections to this report and are specifically 
credited in the table of contents and text. Sections not so credited are 
the work of the senior author.

The field investigations and preparation of the report were part of 
the program of water-resources investigations by the Geological Sur 
vey in cooperation with the Idaho Department of Reclamation.

LOCATION OF THE AREA

The drainage area of the Raft River basin is about 1,560 square 
miles. About 715 square miles is in the Raft River valley, which 
includes the principal potential irrigation area; about 740 square 
miles is in upstream and bordering tributary areas; and about 175 
square miles is in the Snake River Plain (fig. 1). The plains tract 
does not have well-defined surface drainage and is not part of the 
Raft River surface-drainage basin. It extends from about the north- 
south center line of R. 25 E. eastward to within 1 mile of the Raft 
River (pi. 1) and is bounded on the north by Lake Walcott and on the 
south by a line about half a mile north of T. 11 S. The boundary of 
the ground-water basin through R. 25 E. is arbitrary but includes all 
the area where recharge and underflow are derived largely from the 
Raft River basin. Much of the ground water west of the boundary 
consists of underflow from other areas.

About 270 square miles of the Raft River basin is in Box Elder 
County, Utah; most of the remainder is in Cassia County, Idaho, but 
a few square miles lies in Oneida and Power Counties, Idaho. The 
principal irrigable area is in Tps. 9 to 16 S., Rs. 26 to 27 E., in eastern 
Cassia County.

1 Local geographic name for a gorge, about 2 miles long, cut by the Raft River through 
the south end of the Malta Range.
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PREVIOUS INVESTIGATIONS

Several geologic studies have been made in the Kaft Kiver basin, 
and supplemental field studies were made by the senior author. Even 
so, the basic geologic information now available is not adequate for 
a complete hydrologic analysis of the basin. Although further in 
vestigation is needed, the information at hand is reasonably adequate 
for the purposes of this report.

Stearns and others investigated the Raft River Valley in 1928 as 
a part of a reconnaissance study of the ground-water resources of the 
entire Snake River Plain in Idaho. The results of that investigation, 
made by the Geological Survey in cooperation with the Idaho Depart 
ment of Reclamation and the Minidoka Irrigation District, were 
incorporated in an unpublished preliminary report (Stearns, 1929) 
and in two published reports (Stearns and others, 1936,1938). Kirk- 
ham (1931) compared the Tertiary stratigraphy of the Raft River 
basin with that of other areas in southern Idaho. Anderson (1931) 
described the general geology and mineral resources of eastern Cassia 
County, with special emphasis on the geology of upland areas, but 
he included relatively little information about the valley lowlands.

A preliminary report (Fader, 1951) on the Raft River basin con 
tains records of wells, ground-water levels, and pumpage for irriga 
tion. A report by Crosthwaite and Scott (1956) on ground water 
in the North Side Pumping Division of the Minidoka Project con 
tains ground-water data that were used in preparing the present 
report. After fieldwork for the present report was completed, a report 
was published on the geology of the eastern part of the Raft River 
Range (Felix, 1956). A reconnaissance geologic map of Utah (Butler 
and others, 1920, pi. 4) covers the Utah part of the Raft River 
basin, but it is too generalized to be useful for this report.

ACKNOWLEDGMENTS

Well drillers furnished logs and other valuable information about 
wells. Residents and well owners supplied useful data about wells 
and permitted measurement of wells. The Raft River Rural Electric 
Cooperative furnished records of power consumption. The U.S. 
Bureau of Reclamation maintains and operates four recording gages 
on wells near the south side of Lake Walcott, and the records for these 
wells were available to the Geological Survey.

WELL-NUMBERING SYSTEM

Water wells are referred to in this report by numbers which indicate 
their locations within legal rectangular subdivisions of the public 
lands, with reference to the Boise base line and meridian. The first
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two segments of a number designate the township and range. The 
third segment gives the section number, followed by two letters and 
a numeral, which indicate the quarter section, the 40-acre tract, and the 
serial number of the well within the tract. Quarter sections are 
lettered a, b, c, and d in counterclockwise order, from the northeast 
quarter of each section. Within the quarter sections 40-acre tracts 
are lettered in the same manner. Thus, well 10S-25E-12cdl is in the 
SE^4SW^4 sec. 12, T. 10 S., E. 25 E., and is the well first visited in that 
tract. The method of numbering is illustrated in figure 2.

T. 
1 

S.

2

9

10

T. 
11 
S.

BASE LINE 

R.I E. 2 3 4 5 23 24 25 R.26E.

/
/

10S-25E-12cdl

R.25E. Section 12

T.
10
s.

6

7

18

19

30

31

5

8

17

20

29

32

4

9

16

21

28

33

3

10

15

22

27

34

2

11

14

23

26

35

1 
/

,k

13

24

25

36

d j c

    +   12-   +     

FIGUEH 2. Well-numbering system.
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GEOGRAPHY

Most of the Kaft River basin is in the Great Basin section of the 
Basin and Range province (Fenneman, 1928) and is characterized by 
rugged ranges rising boldly above aggraded alluvial plains. The 
northern part of the Kaft River basin merges with the Snake Kiver 
Plain, a vast expanse of rolling to broken land formed largely by flow 
sheets of volcanic rock. The topography in and around the basin 
strongly influences the climate, and local factors control runoff and 
ground-water recharge.

MOUNTAIN RANGES

Six mountain ranges occur in the Raft River basin (pi. 5) and 
along its borders. The Raft River Mountains trend eastward, but all 
other ranges extend northward. The Goose Creek and Albion Ranges 
lie along the western part of the basin, the Raft River Mountains 
along the southern boundary, and the Black Pine and Sublett Ranges 
along the eastern flank. Most of the Malta Range is within the basin.

The crest of the Goose Creek Range, a tilted fault-block range in 
northwestern Utah, is near the steep slopes of a fault-line scarp which 
forms part of the eastern slope of the mountains; the western back 
slopes are long and gentle. The highest altitude on the range is about 
8,200 feet above sea level and about 2,400 feet above the floor of the 
adjacent part of the Yost Valley.

The Albion Range has a maximum altitude of about 10,335 feet at 
Cache Peak, and is bounded by steep slopes on the east and west. The 
peak is about 4,735 feet higher than the floor of the adjacent Almo 
basin. The range is dissected only moderately, except for steep-sided 
glaciated valleys on its eastern slopes.

The Raft River Mountains rise to an altitude of about 6,600 feet 
at the southern boundary of Idaho, and farther south in Utah reach 
a maximum altitude of about 9,890 feet. The range trends eastward 
from the valley of South Junction Creek to a low pass southeast of 
Strevell, which divides it from the Black Pine Range. The north flank 
slopes moderately steeply down to the floor of the Raft Eiver valley.

The Malta Range is a titled fault-block mountain range east of 
the Albion Range. All the Malta Range, except a small northwest 
ern segment that drains into Marsh Creek, is within the Raft River 
basin. The range is separated from the Raft River Mountains on 
the south by a broad pass and is bounded on the north by the 
Snake River Plain. The Malta Range is cut by two transverse 
gorges through which flow the Raft River and Cassia Creek. The 
east flank of the range is a steep scarp face, but the western slope
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is gentle. The crest is about 3,400 feet above the floor of the Raft 
River valley, and the altitude at the highest point in the central 
part of the southern segment of the range is about 8,050 feet.

The Black Pine Range rises steeply from broad piedmont alluvial 
slopes that border it on the east and west sides. The altitude of the 
highest peak is about 9,385 feet, nearly 4,600 feet above the general 
level of the floor of the Raft River valley at Bridge. The range 
has been dissected into narrow ridges and deep narrow valleys.

The Sublett Range lies north of the Black Pine Range, from 
which it is separated by the valley of Meadow Creek. On the west 
the range rises steeply above the aggraded floor of the Raft River 
valley to an altitude of about 7,400 feet. The north end of this 
range slopes gently downward, reaching the level of the Snake River 
Plain about 4 miles south of the Snake River. These mountains 
consist largely of parallel ridges separated by steep narrow valleys 
that trend northwestward.

PEINCIPAL VALLEYS AND SUBBASINS

The Raft River valley is the largest of the several valleys in 
the drainage basin of the Raft River. Its floor is an aggraded 
alluvial plain, 10 to 15 miles wide, bounded by the Malta Range 
on the west, the Raft River Mountains on the south, the Black 
Pine and Sublett Ranges on the east, and the Snake River Plain on 
the north. The Snake River Plain rises gently from the Raft River 
in the central part of the valley, but its slope steepens near the 
mountains. The altitude of the valley floor is about 4,200 feet near 
the mouth of the Raft River, about 4,530 feet near Malta, about 
5,000 feet in The Narrows, and about 5,200 feet at some places on 
the piedmont alluvial plains where they grade up to the surrounding 
foothill slopes.

A plain, formed largely by volcanic rocks, lies immediately south 
of Lake Walcott and the Snake River and west of the Raft River. 
This plain is here called the Northern Plains section. This section, 
which extends southward to about 4 miles north of Idahome, is 
physiographically and genetically a part of the Snake River Plain. 
The section is not part of the surface-drainage area of the Raft River 
but is treated here with the Raft River basin because of its close hydro- 
logic relation to the basin (pi. 5). The Northern Plains section re 
tains much of its original volcanic form, having been modified only 
slightly by erosion since the volcanic rocks were emplaced. A few 
volcanic cones rise several hundred feet above the general level of 
the plain. The surface-drainage pattern is incipient on most of the

593525 61   2
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plain, and some parts have only interior local drainage; small fringe 
areas drain intermittently to the Raft River, Lake Walcott, and the 
Snake River.

The Elba basin lies between the Albion and Malta Ranges; it is 
about 10 miles in length and width but the valley-floor area is much 
smaller. Talus slopes along the flanks of the surrounding mountains 
grade into the alluvial fill of the valley floor, which has a very steep 
slope except in the bottom lands along its lower reach. The outlet 
of the basin is a steep gorge that was cut transversely through the 
Malta Range by Cassia Creek.

The Yost Valley of Utah and the Almo basin of Idaho, which are 
grouped in this report as the Yost-Almo basin, are drained by the 
main-stem segment of the Raft River above The Narrows. The Yost- 
Almos basin is an alluvial valley of irregular form which slopes 
from the north and south toward The Narrows, a water gap through 
the southern nose of the Malta Range. The basin is surrounded by 
the Albion, Goose Creek, Malta, and Raft River Ranges. Alluvial fill 
underlies the valley floor.

DKAINAGE

The headwater tributaries of the Raft River rise in the Goose Creek 
Mountains of northwestern Utah and join to form the master stream 
in the Yost Valley (pi. 4). From the Yost Valley the river flows 
northeastward into the Almo basin through a narrow canyon, locally 
called the Upper Narrows. The Raft River then flows northeast 
ward through The Narrows into the Raft River valley. In its gen 
erally northward course through the broad central lowland of the 
valley, the Raft River is only slightly incised. From Yale north 
ward, however, the river occupies a narrow valley which is entrenched 
150 to 200 feet below the general level of the Northern Plains section. 
The confluence of the Raft and Snake Rivers is submerged in the 
backwater of Lake Walcott, a Federal reclamation reservoir im 
pounded by Minidoka Dam.

Johnson Creek, an intermittent tributary whose headwaters rise in 
the Raft River Mountains in Utah, flows northward into the Yost- 
Almo basin and joins the Raft River 3 miles above The Narrows. 
Almo Creek drains the northern part of the Yost-Almo basin and joins 
the Raft River a few miles southeast of Almo. The drainage divide 
between the Yost-Almo and Elba basins is about 5 miles north of 
Almo.

Clear Creek flows along a deep gorge in the north slope of the Raft 
River Mountains and debouches onto its alluvial fan near Naf but 
rarely carries water beyond.
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Cassia Creek, the principal perennial tributary of the Kaft Kiver, 
drains the Elba basin. The creek and its tributaries converge east 
ward and the creek then traverses a gorge through the Malta Kange 
and emerges on the floor of the Kaft Kiver valley. About 50 percent 
of the streamflow above the gorge is diverted for local irrigation. 
From the mouth of its gorge in the Malta Kange, Cassia Creek crosses 
an alluvial fan and reaches the flood plain of the Kaft Kiver near 
Malta. On the Cassia Creek fan all water is diverted during the 
irrigation season; thus, water in the creek reaches the Kaft Kiver only 
during flood and freshet periods. The winter discharge is small.

Meadow Creek is a minor stream which is largely intermittent, even 
in its mountain reaches. It drains a small basin bounded by tips of 
the Black Pine and Sublett Kanges.

Sublett Creek drains the central western part of the Sublett Kange. 
Some water is diverted for irrigation near Sublett, and most of the 
undiverted water sinks into the ground along a 12-mile reach of 
channel across alluvial slopes before the channel reaches the Kaft 
Kiver. Sublett Creek contributes very little surface flow to the Kaft 
Kiver.

Heglar Creek, an intermittent tributary of the Kaft Kiver, drains the 
western slopes of the Sublett Kange, and passes through deep crooked 
canyons that were cut largely in fine-grained sedimentary rocks. Wa 
ter in the creek reaches the Kaft Kiver only during floods and freshets.

CLIMATE 

PRECIPITATION

The climate of the Kaft Kiver basin ranges from subhumid in the 
high mountains to semiarid on the floor of the Kaft Kiver valley. 
Snowfall at high altitudes commonly is rather heavy, and the total 
precipitation at some high places is equivalent to about 32 inches of 
water (table 1). The average annual precipitation ranges from about 
10 to 12 inches on the valley floors (table 2), and from about 12 to 25 
inches on most upland slopes. The estimated total annual precipita 
tion, averaged for the entire basin, is about 15.5 inches. Most pre 
cipitation occurs from January through May; rainfall is light during 
the growing season and irrigation is necessary for most cultivated 
crops. Precipitation in southeastern Idaho generally was slightly 
above normal for 8 years before 1947. After 1947 precipitation 
declined somewhat, but there were a few years of high precipitation, 
especially at high altitudes.
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TABLE 1. Estimated average annual precipitation in upland areas 1

Station

Sublett Guard Station __
Bostetter Ranger Station.
Howell Creek Guard

Station.. _______ ..

Location

Sec. 8, T. 12 S., R. 30 E...
Sec. 35, T. 14 S., R. 19 E..

Sec. 2, T. 13 S., R. 24 E...

Altitude,
in feet

(from top
ographic

map)

6,000
7,600

8,000

Years
of

record

19
20

6

End date
(1956)

Apr. 3 
Apr. 2.-

Apr. 3 

Snowfall
(average
water

content,
in inches)

12.0
19.2

36.8

Total av
erage pre
cipitation
(inches of
water) 3

15
22

838

i Based on snow-cover records. See Nelson, M. W., Federal-State Cooperative snow surveys and water- 
supply forecasts for Columbia River basin: U.S. Soil Conserv. Service rept. (mimeographed), app. 7, April 
1956.

a Total precipitation as rain and snow is slightly more than the water equivalent of the snow. Rainfall 
was estimated in order to derive the total.

Six-year record. Adjusted average for past 20 years assumed to be about 32 in.

Snow-gaging stations (pi. 2) are maintained in the Eaft Eiver 
basin at Howell Creek Guard Station in the Albion Eange north of 
the Elba basin, and near Sublett Guard Station in the Sublett Moun 
tains. A gage at Bostetter Eanger Station lies a few miles outside 
the Eaft Eiver basin, about 27 miles west of Almo. Precipitation 
as snow and estimated rainfall at the Howell Creek station during 
the period of record averaged 38 inches, while that at Bostetter 
averaged only 22 inches. The two records, however, are not com 
parable because that for Howell Creek covers a period of only 6 years, 
while that for Bostetter is for 20 years. The two periods were not 
equivalent in precipitation. Precipitation at Howell Creek, if repre 
sented by a longer (20-year) record, probably would average about 
32 inches.

Most records of precipitation in the Eaft Eiver basin are discon 
tinuous, having gaps of two months or more in most years; some 
stations have been operated only during short periods, and others 
have been discontinued. The only records for Almo are discontinuous 
ones for parts of 1908-15. About 23 years of usable record is avail 
able for Albion, and comparison of this record with that for Oakley 
(Goose Creek basin, 52 years of record) indicates that precipitation 
in the two basins is roughly equivalent. Precipitation records for 
stations at Almo and Albion were compiled and adjusted by double- 
mass analysis to obtain a uniform basis for calculating the total 
volume of precipitation on the basin. Precipitation at Almo, adjusted 
to the long-term average is 15.6 inches.

TEMPERATURE, EVAPORATION, AND HUMIDITY

Eecorded temperature extremes in the Eaft Eiver valley are about 
 14° and 99° F. The mean annual temperature in the central low 
land probably is about 42° to 45° F (table 3) and the average frost- 
free period is about 100 days.
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Evaporation from a class A Weather Bureau land pan at Minidoka 
Dam near the north end of the valley averaged about 59.16 inches 
during May through November 1949-55 (table 4). Evaporation from 
natural open-water surfaces is much less than from land pans. Ap 
plication of an adjustment factor of 0.69 (Follansbee, 1934) gives a 
probable average rate of evaporation from Lake Walcott of about 
41 inches per year. A small amount of evaporation occurs during 
December through April, so the annual total probably is at least 45 
inches.

The relative humidity in the semiarid lowlands commonly is low. 
The nearest humidity-measuring station is at the Pocatello airport, 
about 45 miles northeast of the mouth of the Eaft River, where the 
average humidity in summer during late afternoons is 22 to 25 percent. 
Somewhat lower humidity may prevail in the lowlands of the Raft 
River valley because the valley is not as well watered nor as heavily 
vegetated as the Pocatello area.

TABLE 4. Evaporation from class A land pan at Minidoka Dam

[Inches of water. Based on records of the U.S. Weather Bureau]

Year

1949       
I960.-. _____ . _ .
1951           
1952..         
1953       
1954  _______ ...
1955 -       

April

7.71

7.7

May

8.61
9.67
9 91

8 91
6 OA

9.73
7.80
8.68

June

19 17

9.73
11.25
10.30

9 16
9 65

10.27
10.36

July

13.56
13.51
TO 77

12.40
1 ^ fid.

12.80
11.37
 1O (\A

August

11.69
11.21
10.24
12.52
1 9 9Q

12.20
11.39
11.65

Septem 
ber

9 14
7.64
9 94

8. 68
9 on

9.00
8.21
8.73

October

3.68
5.15
4.20
5.97
4.77
4.76
5.42
4.85

Novem 
ber

2.94

2.37

2.65

Total

61.79
56.91
65.62
58.78
56.06
60.51
54.46

1 59. 16

1 Average of yearly totals. Average of monthly averages gives a value higher than the measured total 
in any one year. Estimated equivalent evaporation from natural open-water surface: 59.16 X 0.69=41 in.

VEGETATION

Native grasses, other edible plants, and sagebrush occur throughout 
the noncultivated lowlands in the Raft River basin. Giant rye-grass 
is abundant in parts of higher basins where the soil retains adequate 
moisture. Greasewood and rabbitbrush are plentiful in some bottom 
land and in sheltered mountain areas where there is late snowmelt. 
The poisonous weed halogeton is sufficiently abundant at some places 
to be a hazard to stock. Willow grows thickly along the stream chan 
nels, and where the water table is near the surface if the growth is 
not controlled artificially. Juniper and large shrubs are abundant 
on upland slopes. Dense stands of aspen grow at high altitudes, 
especially near springs and seeps and at the heads of small valleys. 
Lodgepole pine and fir also grow at high altitudes.
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POPULATION AND AGRICULTURE

In the basin small unincorporated villages, of which the largest 
is Malta, contain a few to several hundred inhabitants each. There 
are no large towns. The total population of the basin, estimated from 
election-precinct data in the 1950 Census of Population, is about 1,300. 
Much land in the basin is controlled by absentee owners and much of 
the farm work is done by nonresident seasonal employees. U.S. High 
way 30S traverses the Raft River valley from north to south and is 
connected by all-weather gravel roads to each tributary valley. The 
closest rail outlet is Declo, about 27 miles northwest of Malta.

The Raft River valley was settled by stockmen before 1870. The 
priority date of the earliest surface-water right for irrigation is said 
to be 1872. Stockraising and crop farming still are the principal 
industries, but there are several small lode mines in the mountains and 
a small milk- and cheese-processing plant near Malta.

The principal crops are hay and small grain, but potatoes, alfalfa, 
and seed clover also are grown. Most of the hay and much of the 
grain is fed locally to stock. Native hay grows in meadowland ad 
jacent to the streams, where it is irrigated with floodwater and by 
natural subirrigation. Small grain is dry farmed on some upland 
alluvial slopes adjacent to the mountains. During a reportedly more 
humid climatic period that ended about 1922, large tracts on the al 
luvial slopes were dry farmed, but much of that land later reverted 
to the native state. Since 1947 some tracts of the abandoned land 
have been redeveloped by means of ground-water irrigation.

WATER USE

No data have been compiled on the use of surface water for irriga 
tion in the Raft River basin, but nearly all usable surface water is 
diverted for irrigation; very little is used for other purposes. Stock, 
farm, and domestic water is obtained almost exclusively from wells 
and springs, and at Malta each of several wells supplies domestic water 
to about 10 families. A small amount of ground water is used at a 
food-processing plant near Malta.

Water in the basin is used principally for irrigation. About 43,000 
acres of land is irrigated, of which about 35,000 acres is in the Raft 
River valley. About 10,000 acres in the valley is supplied wholly with 
surface water from the Raft River and Cassia Creek, and 3,840 acres 
in the Almo basin is irrigated from Almo Creek and its tributaries. 
In the Yost basin of Utah about 4,000 acres is irrigated with water 
from George Creek. The rounded total of 8,000 acres is used here 
after for the Yost-Almo basin. In the Raft River valley about 25,000
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acres was irrigated partly or wholly with ground water in 1954. No 
later data are available and the acreage served exclusively with 
ground water is not known. In the other basins ground-water irri 
gation is negligible. Most ground-water irrigation in the basin is in 
the Eaft Eiver valley, and the greatest concentration of irrigation 
wells is in the vicinity of Malta and Idahome.

GENERAL GEOLOGY

The direct and indirect influences of geologic factors on all phases 
of the hydrologic cycle are apparent throughout the Kaft Elver basin. 
The landforms affect the amount and pattern of precipitation (pi. 2) 
and runoff. The geologic materials and landforms control infiltration 
of precipitation and ground-water recharge. Subsurface strati- 
graphic and structural features control the occurrence and movement 
of ground water throughout the basin.

Although these general facts are apparent to an observant hydrol- 
ogist, the geology and ground water have not been mapped or studied 
sufficiently to permit detailed analysis of the relations between them. 
Such an analysis would be further handicapped by inadequate data 
on precipitation, temperature, and streamflow.

Only the geologic features that are most closely related to surface 
drainage and ground water are outlined in this report. Much avail 
able geologic information that would be essential in a more compre 
hensive report is omitted, but the hydrologic interpretations in this 
report are based largely on that information.

ROCK UNITS

The rock units shown on plate 1 are the ones related most directly 
to water supply in the Eaft Eiver basin. Eocks older than those of 
the Cassia batholith (Late Cretaceous or early Tertiary) are grouped 
as a single unit (pre-Cretaceous) because in the basin as a whole they 
are approximately uniform in their effect on the hydrology. The 
units shown represent a range of geologic time from Precambrian to 
Eecent, but there are notable gaps in the stratigraphic record. Much 
of Paleozoic time is not represented and little or none of Mesozoic and 
early Cenozoic time is represented.

Pre-Cretaceous rocks. The pre-Cretaceous rocks are extremely di 
verse ; they include metamorphic materials such as quartzite, marble, 
and schist and a wide variety of consolidated sedimentary rocks such 
as limestone, sandstone, shale, and chert. Identification and dif 
ferentiation of these is essential in the field in order to recognize 
geologic structures and relations and to decipher the geologic history. 
The rocks have been described in. some detail by Anderson (1931).
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They are relatively impermeable, and ground water occurs in them 
chiefly in open joints and in solution cavities in limestone.

Granitoid rocks of the Cassia batholith and outliers. The Cassia 
batholith and its outliers and satellite bodies are composed of granitoid 
rocks, chiefly massive granodiorite. Marginal f acies of the rock tend 
to be granitic, and the granite commonly is porphyritic and gneissic. 
The batholith probably was emplaced in Late Cretaceous or early 
Tertiary time.

The rocks of the batholith contain ground water chiefly in fractures 
near the surface. Where the rock is weathered and comminuted, 
however, it forms a coarse permeable mantle which is readily in 
filtrated by water.

Salt Lalce(?) formation. The Salt Lake( ?) formation consists of 
sedimentary and volcanic materials having an aggregate exposed 
thickness of at least 2,500 feet. The lower 1,700 feet, here called the 
lower unit, is largely well-stratified clay, shale, volcanic ash, sand 
stone, and conglomerate all very similar to beds observed by the 
senior author in the Salt Lake( ?) formation east of this area in Oneida 
County. Clay and shale predominate in the lower part of the lower 
unit and volcanic ash in the upper. The ash is white to gray and 
pumiceous. Other sedimentary materials are white to gray, greenish, 
and bluish.

The upper 800 feet of the formation, here called the upper unit, 
consists predominantly of silicic volcanic flow rocks, chiefly quartz 
latite, interbedded with tuff, ash, and minor amounts of clastic sedi 
mentary rocks like those in the lower part of the formation. The two 
units are distinguished only by the relatively great abundance of vol 
canic rock in the upper unit, and of sedimentary materials in the 
lower; there is no sharp boundary between them. Much of the 
volcanic ash and tuff has been reworked by running water and at 
least some of the material was redeposited as lake beds. The forma 
tion is capped by quartz latite flow rock. This is similar to flow rocks 
within the formation, but it is mappable as a separate unit and is 
not here included in the Salt Lake( ?) formation.

The entire sequence resembles that in the Goose Creek basin west of 
Oakley, as described by Piper (1923, p. 28). Similar rocks on the 
south side of the Raft River Mountains have been described by Felix 
(1956) and assigned to the "Salt Lake group or Payette formation." 
The typical Salt Lake formation commonly is thought to be Pliocene 
in age, but Anderson (1931), Kirkham (1931), and Felix (1956) all 
suggest correlation of the beds in the Raft River basin with the 
Miocene and Pliocene (?) Payette formation of central eastern Idaho. 
Piper (1923) assigned similar rocks in the Goose Creek basin to the
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late Miocene(?). The Salt Lake(?) formation, chiefly the upper 
unit, crops out in foothills and mountains east, south, and west of the 
Raft River valley. The Malta Range seems to be made up almost 
wholly of this formation and the overlying quartz latite caprock.

The Salt Lake( ?) formation was deposited on a preexisting erosion 
surface which had considerable relief. The formation itself was 
eroded to form an irregular landscape. Hence, the thickness now pres 
ent in the area probably varies widely from place to place.

The Salt Lake( ?) formation is tapped by at least a few wells in the 
Raft River valley, and presumably it is widely present at depth under 
the valley floor beneath younger sediments, chiefly the Raft lake beds 
and Quaternary alluvium and hill wash. The Salt Lake (?) formation 
as a whole has low permeability, but at some places it includes thin 
beds of permeable gravel. These and some of the sand beds yield 
moderate amounts of water, chiefly to artesian wells in the Raft River 
valley.

Because of the lithology and thickness of the sequence of clay and 
sand beds penetrated by well HS-26E-28abl (see log, p. 113), the well 
may be in the Salt Lake(?) formation. The "basalt," reported in 
the interval from 241 to 256 feet, might be one of the rare basalt 
flows in the Salt Lake( ?) formation, but more likely it is a flow of 
dark latite. It does not seem possible that this is Snake River basalt, 
because nowhere in this area is that formation known to be overlain 
by a thick sequence of sediments like those shown in the well log. 
A few other wells in T. 11 S. Rs. 26 and 27 E. tap beds resembling 
the Salt Lake(?) formation beneath a few feet or tens of feet of 
alluvium. Farther south, some wells are entirely in alluvium and 
hill wash, whereas others are in what seem to be beds of the Salt 
Lake(?) beneath alluvial cover.

Belief that wells in the valley tap the Salt Lake( ?) formation has 
one principal drawback. The valley is downfaulted and beds of the 
Salt Lake(?), buried beneath the younger sediments of the valley 
floor, should include the upper unit of the Salt Lake(?) formation. 
That unit includes many quartz latite flows and is overlain by a sub 
stantial thickness of quartz latite, which should be the first beds 
penetrated by the drill beneath the alluvium. However wells in this 
area do not penetrate rocks of the upper unit. Although the Salt 
Lake( ?) formation and quartz latite were extensively eroded before 
deposition of alluvium, it seems improbable that all the latite was 
removed at each drilling location.

Massive volcanic rocks. Volcanic flows of quartz latite are well 
exposed in the mountainous southwestern part of the mapped area, 
where single flow layers range from 50 to 300 feet in thickness (An-
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derson, 1931). The largest exposure, however, is that which overlies 
the Salt Lake(?) formation and covers practically the entire length 
and breadth of the Malta Range. Beds of the Salt Lake(?) are 
highly susceptible to landslide movement, and the quartz-latite cap- 
rock is a conspicuous marker that facilitates identification of the 
landslide blocks.

The flow rocks consist of black glassy latite or rhyolite, dark 
porphyritic obsidian, vesicular latite, and bluish-gray and pink felsite 
containing quartz and feldspar phenocrysts. The common felsitic 
phase is thinly planar, but some of the flows have very well defined 
columnar jointing. Flow banding is common.

The geologic age of the quartz latite is known only to the extent 
that it is within the limits of Miocene or Pliocene time. Anderson 
(1931) assigned the beds to the late Miocene(?), but in this report the 
quartz latite is considered to the Pliocene (?) because of its relations 
to the Salt Lake( ?) formation and Raft lake beds of Pliocene (?) age.

The rock is unimportant as an aquifer because its average porosity 
is low and it contains saturated zones only locally. The platy and 
jointed materials, however, allow infiltration of appreciable amounts 
of precipitation. The rock occurs widely at higher altitudes where 
precipitation is high, so it has an important influence on the volume of 
runoff and infiltration.

Raft lake beds. The Raft lake beds of late Pliocene (?) age have 
been identified in outcrops only in the extreme northeastern part of 
the mapped area. About the eastern two-thirds of the outcrop area 
shown on the geologic map is not drained by the Raft River or its 
tributaries, and that part is not included in later calculations in this 
report of the water yield of the Raft River basin.

The Raft lake beds are principally buff, yellow, and brown clayey 
silt, silt, and sand. Caliche layers are common in outcrops and the 
beds include a few lenses of gravel. The exposed thickness near the 
mouth of the Raft River is only about 50 feet, but thicknesses as great 
as 200 feet were reported east of the mapped area near Fall Creek by 
Stearns (1938, p. 48). Stearns said that the beds have been tilted 
and dip about 5° NW. The beds occur beneath the alluvium just 
east of the river in Tps. 9 and 10 S., but they do not crop out east of 
the mouth of the Raft River. In the Northern Plains section they 
have been largely eroded out and replaced by basalt flows. Stearns 
believed that much of the Raft River valley is underlain by Raft 
lake beds beneath a cover of alluvium. Well drilling has disclosed 
sediments of probable lacustrine origin at many places beneath the 
floor of the valley, and some of these resemble the Raft lake beds. 
Other beds, however, are certainly part of the Salt Lake( ?) formation.
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In general, subsurface lake beds at shallow depth beneath the north- 
central part of the valley floor probably are Eaft lake beds or younger 
whereas, those at greater depth and along the flanks and southern 
part of the valley probably are beds of the Salt Lake( ?) formation.

The Baft lake beds may be represented in the depth interval be 
tween 35 and 300 feet in well HS-26E-25bcl. If so, the thickness of 
the unit is 265 feet at that point. It is entirely possible, however, 
that the interval is in the Salt Lake( ?) formation. The same is true 
of the interval from 46 to 402 in well 27bbl, except that the Salt 
Lake (?) formation is the more likely choice. A thickness of 356 feet 
of Baft lake beds seems very unlikely.

In general, the Eaft lake beds are not good aquifers. Most of the 
beds are low in permeability and their fine-grained texture makes it 
difficult to develop wells that do not pump sand. Several irrigation 
wells which have moderately large yields, however, withdraw water 
from these beds north of Yale near the Raft Eiver (pi. 6).

Snake River 'basalt. The Snake Eiver basalt underlies the entire 
Northern Plains section. Windblown silt mantles the basalt in much 
of the area, reaching a thickness of tens of feet. Basalt is shown on the 
geologic map in areas in which it crops out or is mantled only by sur- 
ficial material. The basalt flows are part of a thick series which is 
widely distributed in the Snake River Plain. Flows that occur at the 
surface in the Northern Plains section were derived largely from local 
volcanic vents. The cones and domes that formed around these vents 
are the most conspicuous landmarks in the Northern Plains section.

Most of the rock is dark-gray to black olivine basalt which lias been 
practically unaffected by weathering or erosion. Many of the flow 
surfaces have the ropy and billowy structure characteristic of pahoehoe 
basalt, and most of the exposed, flows are highly vesicular. Only minor 
erosion has occurred since the flows were emplaced, and no deep gullies 
have been cut, so no vertical cross sections of the rocks are exposed. 
However, many of the flows undoubtedly have the columnar jointing 
structure that is prominent in many flows in the Snake Eiver basalt 
elsewhere. Well logs show that at some places beds of clastic sedi 
ments a few feet or tens of feet thick are intercalated with basalt 
flows.

An unbroken unit of basalt is practically impermeable, but the 
basalt is strongly jointed and creviced. Open joints and other frac 
tures, brecciated layers, and blocky structure impart relatively high 
formational permeability to the basalt. Hence it is copiously water 
bearing at many places. Wells in the basalt commonly yield large 
quantities of water.
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The Snake River basalt in this area was assigned a Pleistocene age 
by Anderson (1931) and Stearns (1938) but it is now thought by some 
authors to be of Pliocene to Recent age.

Hill wash, alluvium, and glacial deposits. Deposits of silt, sand, 
mud, and gravel are widespread on valley floors and scattered on the 
mountain slopes. Much of the material has been transported for long 
distances by running water, as along the floor of the Raft River valley, 
where it is moderately to well sorted and distinctly stratified. Where 
the alluvium has not been moved far, as in alluvial fans along the 
bases and lower slopes of mountains, it is less well sorted and poorly 
stratified. Hill wash along the mountain slopes is commonly very 
poorly sorted and lacks stratification.

Morainal and outwash deposits in the Albion and Raft River 
Ranges, on South Mountain, and in the Albion Basin have been de 
scribed by Anderson (1931). These materials are grouped on the map 
with the alluvium and hill wash. Anderson assigned the morainal 
and outwash deposits to the Pleistocene epoch and the hill wash and 
alluvium to the Pleistocene and Recent.

Windblown deposits are not distinguished on the geologic map, 
but they are widespread; they overlie much of the basalt in the North 
ern Plains section and other formations in the vicinity of Sublett, 
Heglar, and Albion. The deposits reach a thickness of 100 feet or 
more in depressions on the Snake River basalt, on leeward slopes of 
hills, and in sheltered basins. Most of the material is silt and is 
distinctly loessial; it is buff to brown, highly porous, unstratified, 
and has crude columnar structure. The age probably is late Pleisto 
cene and Recent.

The windblown material is not an aquifer because it is above the 
zone of saturation. It makes rich soil and has a relatively high mois 
ture-holding capacity.

Soils and subsoils. Most parts of the Raft River basin are sites of 
either contemporary erosion or deposition. Owing to that and to the 
dry climate, only rudimentary soil profiles have developed. The term 
"soil," therefore, is used here in a very general sense. No soil map of 
the area has been published.

Some upland soils, such as windblown deposits, are excellent for 
dry farming because they absorb and retain moisture well. Much up 
land soil, however, is gravelly or sandy and shallow; it does not retain 
moisture well and contains little organic material. The principal 
farming area is in the Raft River valley, where irrigation is necessary 
for consistent success with most crops.

In the lowlands of the Raft River valley the soils near the Raft 
River are generally rather fine grained. In a belt about 1 mile wide
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on either side of the river channel, the subsoil is gravelly but is thinly 
covered at many places by windblown deposits. Toward the mountains 
the soil grades into loose gravel and talus breccia. The valley floor is 
bounded by coalescing piedmont alluvial fans which formed where 
ephemeral and intermittent mountain streams debouch onto the 
valley floor. These streams seldom reach the Eaft Eiver because wa 
ter discharged from the mountains sinks into the fan gravel; there 
fore, the fans are important sites of ground-water recharge. Cassia 
Creek, the only tributary that contributes much runoff to the Raft 
River, crosses a large fan and, by infiltration, recharges the ground 
water that feeds springs along the Raft River channel near Malta, 
where the river crosses the toe of the fan.

From Idahome southward a few miles, the soil of the central valley 
floor is underlain by silt and pea-sized gravel to depths of 2 to 6 feet. 
This material is underlain in turn by coarse clean gravel to depths of 
22 to 30 feet. Below is a sequence of alternating beds of clay, silt, sand, 
and loosely cemented gravel. The thickness of these materials is 
about 170 feet in well 15S-26E-23ddl (see logs, p. 119, 116). Alter 
nating layers of sand, silt, and clay underlie the cemented gravel 
to depths of 1,400 feet in well 13S-26E-ldbl and 540 feet in well 
15S-26E-23ddl. The lateral extent of the cemented gravel is not 
known. The beds at depth beneath the gravel include lacustrine and 
volcanic materials as well as alluvium. Many wells tap beds of loosely 
cemented gravel at depths as great as several hundred feet. Some of 
the gravel is buried alluvial fill in ancient stream valleys which were 
cut in volcanic and lake beds. Other gravel is fan and flood-plain de 
posits interbedded with layers of buried soil, windblown material, and 
possibly local lake beds.

STRUCTURE

The principal structural features in the Raft River basin, many of 
which were worked out by Anderson (1931), are controlling factors in 
the hydrology of the area, as is explained later in the section on 
"Physiographic development." No structures other than faults are 
identified on the map (pi. 1), and it shows only the principal faults. 
Considerably more structural detail is shown on the map by Anderson 
(1931).

The varied geologic structures in the Raft River basin include 
complex folds, low-angle thrusts, and tilted blocks bounded by normal 
faults. The most conspicuous faulted features, and those most ob 
viously related to the hydrologic peculiarities of the basin, are block- 
fault mountains formed by high-angle normal faults. Another 
important feature is the so-called Snake River downwarp, the most 
impressive single geologic structure in southern Idaho. The North-
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ern Plains section of the Raft River basin is a small segment of the 
southern flank of the down warp.

Thrust faulting occurred late in Cretaceous or early in Tertiary 
time, when compressive lateral forces of unknown origin threw the 
rocks into tight asymmetric folds. Under continued lateral pres 
sure, low-angle shear planes developed, and along these planes great 
thrust sheets of folded rock overrode other rocks. According to 
Anderson (1931, p. 68) the thrust planes were nearly horizontal and 
movement along them produced displacements of tens of miles. 
The tight folds and thrust faults within the block-faulted mountains 
in the Raft River basin are similar to mountain structures in south 
eastern Idaho, which are typical of the Rocky Mountains generally.

High-angle tear and normal faults later broke and displaced the 
earlier structures and brought some of the ranges into their present 
topographic form. Some of this faulting occurred near or shortly 
after the close of the epoch of thrust faulting, but the normal fault 
ing occurred mainly in middle and late Cenozoic time. Some fault 
ing may have occurred as late as Recent time. In the Malta Range, 
high-angle normal faulting produced a tilted block mountain having 
a general resemblance to block mountains of the basin-and-range type 
in Nevada and Utah. Elsewhere, the normal faulting modified the 
older landf orms to varying degrees, but did not produce typical tilted 
block-fault mountains.

The principal block faults trend generally northward and seem 
to be unrelated to the regional trend of structures which formed 
earlier. The normal fault along the east flank of the Malta Range 
produced an impressive scarp which was subsequently modified by 
extensive landslides. The landslide blocks rode out over the fault 
trace and onto the adjacent piedmont alluvial fans, so that the fault 
is concealed and some of the quartz latite shown on plate 1 on the 
east slope of the Malta Range overlies the fault line and the alluvium.

Inferred transverse high-angle faults, not shown on the map, are 
believed to truncate the south end of the Malta Range at The Nar 
rows and to transect the range where Cassia Creek crosses from the 
Elba basin into the Raft River valley.

PHYSIOGBAPHIC DEVELOPMENT

The landforms and geologic structure of the Raft River basin 
largely control the main surface-drainage pattern and the occur 
rence and movement of water. The physiographic history of the 
area, therefore, helps to explain its unusual hydrologic features. 
The principal physiographic features are the result of geologic 
events, most of which occurred after the mountain-making earth 
movements around the close of the Mesozoic era. The following sum-
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mary of these events is based largely on the interpretations of 
Anderson (1931, p. 96-101) and Streans (1929, p. 13-14).

Folding, thrust faulting, and related normal faulting that oc 
curred around the close of the Mesozoic era produced mountain 
masses which subsequently were carved by erosion into rugged ter 
rain of considerable relief. Great thicknesses of the older rocks 
were removed by erosion which continued during early Cenozoic 
time and probably reduced the area to a plain having only low relief.

Near middle Miocene time, regional uplift, possibly accompanied 
by normal faulting, led to renewed erosion and the ancient plain was 
cut again by broad deep valleys. Erosion was followed by aggra 
dation, which produced thick fluvial and lacustrine deposits on the 
valley floors and some of the lower hills. An explosive volcanic 
episode followed, producing vast quantities of volcanic ash which 
blanketed much of the area. Some of the ash was reworked by 
running water and deposited as intercalations and tongues in allu 
vial and lacustrine sediments. Most of the ash, however, probably 
remained where it fell, blanketing the country and accumulating to 
depths of many hundreds of feet at some places. Occasional flows 
of lava during this period are represented by latitic flow rocks in 
the Salt Lake (?) formation. The volcanic episode culminated with 
extrusion of great quantities of latitic lava, which formed the quartz 
latite rocks shown on plate 1. Air-fall deposits of ash and tuff 
are intercalated with the latitic flows at some places. At the end 
of this volcanic episode the region probably was a vast lava plain on 
which erosion was active. In late Pliocene (?) time uplift occurred, 
accompanied by minor folding or tilting and faulting. Erosion 
again dissected the area, then reduced it to a plain. Quaternary 
time has been largely an interval of uplift, faulting, and erosion 
in elevated areas, and of deposition in the lowlands. High-angle 
normal faulting during Pleistocene time eliminated or modified many 
earlier topographic features, causing profound changes in drainage 
patterns and producing the block-fault mountains which are so promi 
nent in parts of the area today. Relatively little erosion has occurred 
inEecenttime.

Subsidence of the Snake River Plain began at least as early as 
Pliocene time and probably much earlier. A few basalt flows were 
extruded during the Pliocene, but the main period of basalt eruption 
was in Pleistocene time. Some basalt flooded the lower valley of the 
ancient Raft River for several miles above its mouth. No large 
displacement has occurred in any of the exposed basalt layers, indi 
cating that the flows in that area postdated the main normal-faulting 
movements in the Raft River valley.
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During Pleistocene time alpine glaciers were prevalent in the 
mountainous areas. South Mountain and the Albion Range were 
extensively glaciated, but evidence of glaciation in other mountain 
areas is less abundant.

Fluvial erosion of the uplands and deposition of sediments in the 
valleys and structural basins have been active processes since early 
Pleistocene time, and the alluvial deposits probably are hundreds of 
feet thick at some places in the lowlands.

Certain peculiarities of the drainage pattern of the Baft River 
valley are direct expressions of structural control. The present 
drainage system probably developed in the following way:

At one time, two principal valleys trended northward, parallel to 
each other, on either side of the Malta Range. These valleys, formed 
largely by normal faulting, were drained northward by separate 
streams. The eastern valley was the area now drained by the Raft 
River downstream from The Narrows and by Clear Creek, which was 
then the headward part of the Raft River. There was no transverse 
stream and The Narrows did not yet exist. The western valley in 
cluded the drainage areas of modern Marsh Creek, upper Cassia 
Creek (Elba basin), and the reach of the Raft River upstream from 
The Narrows. At that time Cassia Creek did not flow through the 
Malta Range.

The early drainage system probably was disrupted by late normal 
faulting which probably cut transversely across the divide between 
the ancient valleys at two places. The fault blocks stemmed the 
northward course of the western stream at these two places, one near 
The Narrows and the other about 14 miles north of The Narrows. 
The upstream (southern) reach of the western stream turned east 
ward along the fault depression through The Narrows, joined the 
eastern watercourse, and became part of the modern Raft River. 
Fourteen miles north of The Narrows the middle segment of the 
western stream was diverted eastward through the new fault rift in 
the Malta Range and joined the Raft River in the eastern valley. 
This stream segment became Cassia Creek.

By these changes, all the runoff from the central and southern parts 
of the ancient western valley was diverted eastward to the present 
Raft River drainage system (see pi. 4). The northern remnant of the 
ancient western valley is occupied by Marsh Creek, which still flows 
northward to the Snake River.

During or near the time these drainage changes were occurring, 
the Raft lakebeds were accumulating, possibly in a lake or lakes im 
pounded by basalt flows on the Snake River Plain. After the lake 
drained, the newly enlarged Raft River flowed across the lakebeds
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through the area here called the Northern Plains section, and joined 
the Snake River somewhere west of the present mouth of the Raft. 
The Raft lakebeds eventually were extensively eroded and entirely 
removed from parts of the northern section. The Raft River valley, 
at least north of Idahome, was cut much more broadly and deeply 
than the modern valley, and either the Raft or the Snake River de 
posited some alluvial sand and gravel in that area after the lake beds 
were eroded. Alluvium was deposited intermittently in the northern 
plains section during the later episode of basalt eruption. At well 
llS-26E-12abl, for example, about 29 feet of windblown sediment 
overlies a succession of basalt layers totaling 94 feet in thickness. 
Underneath the basalt is 32 feet of gravel, clay, and silt, beneath which 
is 48 feet of basalt. At well llS-27E-3dal the upper basalt sequence 
is 52 feet thick and is underlain by nearly 300 feet of fine sand. Well 
9S-25E-23dbl near Lake Walcott was drilled through 174 feet of 
basalt and ended in basalt. This evidence indicates also that the 
ancient Raft River valley in the vicinity of the wells was cut at least 
several hundred feet lower than the present surface of the basalt flows.

Very late in Pleistocene time or early in the Recent, basalt erupted 
on the Snake River Plain, dammed the Raft River and covered its 
valley to a point several miles above its mouth. The later of these flows 
erupted from four small lava domes in the Northern Plains section. 
These domes rise 50 to 250 feet above the general level of the sur 
rounding plain. The river established a new course eastward and 
northward around the margin of the basalt flows, subsequently cutting 
a moderately deep valley along the eastern boundary between the 
basalt and the Raft lakebeds.

The gravel deposits in the Raft River valley, which are important 
aquifers, undoubtedly have been accumulating continually since the 
interval of lakebed deposition closed. Alluvial fill extends north 
ward from the central part of the Raft River valley, overlapping 
basalt flows and thinning to a f eatheredge on them.

HYDROLOGIC ROLE OP THE NARROWS

The floor of The Narrows is somewhat more than half a mile wide 
and about 2 miles long. The north valley wall is formed of volcanic 
quartz latite. The south wall, composed of the same material, seems 
to be an outlier, but it may be a landslide block. The volcanic rock 
probably is underlain by volcanic ash, tuff, and sediments of the 
Salt Lake(?) formation. Unconsolidated Quaternary alluvium un 
derlies the present floor of The Narrows. This alluvial fill is in a 
buried valley that was cut through the quartz latite and into the Salt 
Lake(?) formation, which probably underlies the alluvium. South
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of the exposed volcanic rock, undifferentiated Cambrian rocks crop 
out and dip gently eastward. The Salt Lake( ?) formation probably 
rests at depth on an irregular surface formed on Paleozoic rocks.

Owing to the physical character of the rocks that surround the 
Yost-Almo Basin and occur at depth beneath it, most of the ground 
water that is discharged by underflow from the Yost-Almo Basin 
probably enters the Raft River valley by way of The Narrows, just 
as the surface water does. Except for the permeable alluvium, rocks 
beneath The Narrows are generally low in permeability. Hence, 
much of the ground-water flows through the alluvium; flow through 
the Salt Lake( ?) and older formations is small but is less restricted in 
width. Some water may leave the basin also along the transverse 
fault which is inferred to underlie The Narrows, or in permeable 
zones adjacent to the fault surface. Movement of water into and 
through the Salt Lake(?) formation is confirmed by artesian wells 
which tap this formation about 1 mile below the mouth of The 
Narrows.

No direct information is available about the depth through the 
alluvium to the older sediments. Old wells and test holes in The 
Narrows reportedly extended to depths of only about 30 feet, all in 
boulder gravel. The geologic history of the area indicates that the 
fill is much thicker probably at least 10 times thicker. Much of the 
material evidently is very coarse and highly permeable.

WATER RESOURCES

All water in the Raft River basin is derived from precipitation. 
The amount of the precipitated water that can be used in the basin 
depends on its disposition and distribution before it leaves the basin. 
Much of the upland precipitation is snow, some of which disappears 
by sublimation. Some melt water and rainwater evaporates, some 
restores soil moisture, some runs off the mountain slopes at the surface, 
and any that is left over becomes ground water, which migrates 
toward the basins by underflow.

Native vegetation consumes a large percentage of the soil moisture. 
Most surface water that is discharged by the upland streams during 
the growing season is diverted for irrigation, and much of the diverted 
water is consumed by crops. An undetermined but large part of the 
intermittent runoff from upland slopes enters the soil and replenishes 
soil moisture and ground water. All water that is not consumed in 
the uplands and higher valleys reaches the Raft River valley by sur 
face runoff and underflow. Water in the valley lowland is depleted 
by native and cultivated vegetation, and the unconsumed residual
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water is discharged from the Eaft Eiver valley to the Snake Eiver 
Plain.

The purpose of this section, is to appraise the basinwide contribution 
of water by precipitation, to analyze the movement and disposition of 
the water by natural and artificial means, and to estimate the residual 
perennial supply on and in the ground that may be available for use.

VOLUME OF PRECIPITATION

By W. B. LANGBEIN and R. L. NACE

The methods of analysis and computation employed here were 
developed by W. B. Langbein in unpublished notes. An extension of 
these methods to compute water yield is developed by Langbein on 
pages 36-47. To derive an estimate of the water yield of the Raft 
River basin, the volume of precipitation on the basin was first com 
puted by the steps outlined below.

The few available precipitation data were organized and plotted 
against station altitudes. The trend of the relation between pre 
cipitation and altitude was denned (fig. 3), and its upward extension 
was guided by the relation in the Bonneville Basin as derived in a 
study by the University of Utah, (1953, p. 26). Precipitation at the 
Howell Creek Guard Station averaged 38 inches during the short 
period of record, but it is adjusted here to the probable long-term 
value of 32 inches.

Deviations from the curve, in inches of recorded rainfall, were 
plotted on an overlay of a topographic map having a scale of 1:250,000, 
and contours were drawn through points of equal deviation (pi. 2). 
The contours show rather systematic geographic variations in the 
deviations: the values are plus in the western part of the basin, minus 
in the southern part, and nearly zero in the eastern part. This pat 
tern seems logical because many storms move in from the west and 
northwest, while the southern area lies in the rain shadow of the 
western mountain complex.

Isohyetal lines were drawn on the map in accordance with the 
precipitation-altitude graph in figure 3, but were shifted in accordance 
with the contoured regional deviations. The topographic contours 
and precipitation-altitude graph were followed literally, except that 
minor deviations in the contours were smoothed out when drawing the 
isohyets; also a 15-inch depression contour was drawn around Junc 
tion Creek valley, which probably is a rain-shadow area despite its 
high altitude and western location.

The area between each pair of isohyets in each subbasin was 
measured with a planimeter and the volume of precipitation was 
computed from the average in that area (table 5, columns 4 and 5).
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10,000

9000
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EXPLANATION
1. Burley, Idaho
2. Rupert, Idaho
3. Snowville, Utah
4. Oakley, Idaho
5. Albion, Idaho
6. Strevell, Idaho
7. Almo, Idaho
8. Park Valley, Utah
9. Sublett Guard Station, Idaho

10. Bostetter Ranger Station, Idaho
11. Howell Creek Guard Station, Idaho
12. American Falls, Idaho

4000

MEAN ANNUAL PRECIPITATION, IN INCHES 
FIGURE 3. Relation between altitude and precipitation in Raft River basin and vicinity.

TABLE 5. Estimated average yearly volume of precipitation and water yield in
Raft River basin

Subarea

Yost-Almo Basin  ..........

Sublett Creek Basin .........
Heglar Creek Basin..... .....

Northern Plains section.. ... 

Total.... __ . _ ......

Average rate. __ . _

Area

Square 
miles

411 
105 

81 
62 
80 

716 
107

1,562

Acres

263,000 
67,200 
51,800 
39,600 
51,200 

458,000 
68,500

999,500

Average precipita 
tion

Rate 
(inches)

17.9 
21.1 
16.3 
16.2 
16.1 
13.7 
11.0

«15.5

Volume 
(acre-feet)

392,000 
118,000 
70,400 
53,500 
68,700 

523,000 
62,800

1 1, 288, 400

Water Joss

Rate 
(inches)

14.4 
16.2 
14.4 
14.0 
14.0 
12.3 
10.8

13.3

Volume 
(acre-feet)

315,000 
90,600 
62,200 
46,200 
59,700 

470,000 
61,600

1,105,000

Water yield

Rate 
(inches)

3.5 
4.9 
1.9 
2.2 
2.1 
1.4 
.2

  .... .

2.2

Volume 
(acre-feet)

77,000 
27,400 
8,200 
7,300 
9,000 

53,500 
1,200

'183,600

1 The rounded value of 1,290,000 acre-feet is used in the text.
2 The rounded value of 184,000 acre-feet is used in the text.
3 Basinwide average=1,288,600-^999,500X12.
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The estimated volume, thus derived, of yearly precipitation on the 
Raft River basin is 1,290,000 acre-feet. No means are available to 
estimate the accuracy of the computation. The method is reliable 
with adequate data, and in the present study the result is the best that 
the authors could obtain with available data.

EVAPOTRANSPIRATION

Evapotranspiration is the reverse of precipitation. It is the com 
bined natural processes of evaporation and transpiration whereby 
water returns from the land to the atmosphere. Transpiration is the 
process whereby plants exhale moisture into the atmosphere. Evapo- 
transpiratio"n is sometimes called consumptive use. Only natural con 
sumptive use is treated in this section. Cultivated vegetation occupies 
a relatively small area, and consumptive use by crops is discussed in 
the section on "water development and its effects," under the heading 
"Water depletion and net water yield." Owing to a great range in 
altitude, to varied topography, and to differences in vegetation in 
different altitudes and temperature zones, the rate of evapotranspira- 
tion in the Raft River basin varies widely.

Several methods are available for direct measurement of evapotrans- 
piration (Thornthwaite and Mather, 1951), but no measurements 
have been made in the Raft River basin. The potential rate of 
evapotranspiration depends on climatic factors, but the actual rate 
is limited by the amount of moisture available in the soil. Potential 
evapotranspiration is defined as the amount of water that would be 
lost from a surface fully occupied by vegetation if there were no 
deficiency at any time of water in the soil for use by the vegetation. 
In dry climates actual evapotranspiration is less than the potential.

THORNTHWAITE METHOD OF ESTIMATION

A method for estimating potential evapotranspiration was described 
by Thornthwaite (1948). For application of the method precipita 
tion and temperature records are needed and a correction factor is 
applied, depending on the latitude of the station from which the 
record was obtained. Potential evapotranspiration was computed by 
the Thornthwaite method for the weather station at Strevell, Idaho 
(table 6), and for the stations at Oakley and Albion (tables 7 and 8). 
From the computed values of the heat index at each station, nomo- 
grams were constructed (fig. 4). The relation between the logarithm 
of temperature and that of unadjusted potential evapotranspiration 
is linear. Therefore, straight lines on a logarithmic plot define this
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FIGURE 4. Nomograms for estimating unadjusted potential evapotranspiration. 
explanation of nomograms see Thornthwaite, 1948.)

relation. All lines pass through a point of convergence where tem 
perature is 26.5°C and potential evapotranspiration is 13.5 cm. The 
slope of the line is fixed by the heat index (7) for the station. At 
Strevell, for example, 7 is 36.5, and the line ruled through that point 
on the 7 scale shows the relation between temperature and unadjusted 
potential evapotranspiration at that station. From the nomograms, 
potential monthly evapotranspiration was computed, the correction 
factor was applied, and values computed in centimeters were converted 
to inches. The computations and derivation of nomograms are de 
scribed fully by Thornthwaite (1948).
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TABLE 6. Potential evapotranspiration at Strevell, Idaho

[Altitude, 5,275 feet; lat. 42° N]

Month

January __ _ _ _

March_ __ _ ___
April _ ____ __
May__.__. _ .__
June___ _____
July.. _ _______
August ______
September _ _ _

November _
December. __ ___

Sum__ ___

Average 
temperature «

°F

21.8 
26. 8 
34. 7 
44.3 
52.5 
59.2 
70.0 
68. 7 
59.0 
48.0 
33.0 
27.0

°c

-5.67 
-2.95 

1.50 
6.83 

11. 4 
15. 1 
21. 1 
20.4 
15.0 
8.89 
.56 

-. 56

Heat 
index 

0)

0 
0 

. 16 
1.59 
3. 48 
5. 33 
8.85 
8.41 
5.28 
2.39 
.03 

0

35. 5

Potential evapotranspiration

Unad 
justed 
(centi 

meters)

0 
0

. 7 
3. 1 
5. 2 
7. 6 

10.7 
10.2 
7.5 
4.2 
0 
0

49. 2

Correction 
factor

0. 82 
. 83 

1.03 
1. 12 
1. 26 
1.27 
1. 28 
1. 19 
1.04 
.95 
.82 
.79

Adjusted

Centi 
meters

0 
0 

. 72 
3.47 
6.56 
9. 67 

13. 7 
12. 1 
7.81 
3.94 
0 
0

58.0

Inches

0 
0 
.28 

1. 36 
2.58 
3. 78 
5.40 
4. 76 
3.04 
1.55 
0 
0

22. 8

i Mean yearly temperature is 45.4 °F (7.63 °C).

TABLE 7. Potential evapotranspiration at Oakley, Idaho

[Altitude, 4,600 feet; lat. 42° N+]

Month

February __ _
March. __ __ _
ApriL ___
May _ ______ _
June _ ______
July____________
August _ _
September _
October __ __ __
November. _
December. ___ __

Average 
temperature '

oF

28. 1 
31. 6 
38.8 
47 
54.2 
61. 7 
71 
69.3 
59.5 
48. 9 
38. 5 
29. 9

°C

-2. 17 
-.22 
3. 77 
8. 3 

12. 3 
16. 3 
22 
20. 7 
15. 3 

9. 39 
3.61 

-1. 16

Heat 
index 

(/)

0 
0 

. 66 
2. 15 
3.91 
5. 98 
9.42 
8. 59 
5. 44 
2.60 
.61 

0

39.4

Potential evapotranspiration

Unad 
justed 
(centi 

meters)

0 
0 
1. 54 
3.6 
5. 7 
7.8 

11.0 
10. 2 
7.42 
4. 27 
1. 48 
0

53.01

Correction 
factor

0.82 
. 83 

1.03 
1. 12 
1. 26 
1.27 
1.28 
1. 19 
1.04 
.95 
.82 
. 79

Adjusted

Centi 
meters

0 
0 
]. 5 
4.0
7.2 
9.9 

14. 1 
12. 1 

7. 72 
4. 05 
1. 21 
0

61. 8

Inches

0 
0 
.63 

1. 6 
2. 8 
3.9 
5.6 
4. 8 
3.0 
1.6 
.44 

0

24.4

' Mean yearly temperature is 48.2 °F (9.01 °C).
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TABLE 8. Potential evapotranspiration at Albion, Idaho 

[Altitude, 4,750 feet; lat. 42° N+J

Month

January, _______
February. ____ _
March. _ ______
April _ __ _ _ _
May _ ______ __
June__ _ _ _ ___
July____._______
August.. _ _____
September ___ _
October _ _____
November.. _ _ _ _ _

Sum______

Average 
temperature i

op

28. 1 
30.5 
37.9 
45.2 
52. 4 
58. 7 
66. 6 
66. 7 
56. 5 
47.6 
37. 0 
29. 8

°c

-2. 17 
-. 83 
3.27 
7.33 

11.3 
14.7 
19.2 
19. 2 
13.6 
8.67 
2. 77 

-1.22

Heat 
index 

(/)

0 
0 

. 53
1. 78 
3. 44 
5. 12 
7. 67 
7.67 
4. 55 
2. 30 
.42 

0

33.48

Potential evapotranspiration

Unad 
justed 
(centi 

meters)

0 
0 
1. 47 
3. 45 
5.6 
7.4 
9.8 
9. 8 
6. 7 
4. 2 
1. 23 
0

49. 65

Correction 
factor

0.82 
.83 

1.03 
1. 12 
1. 26 
1.27 
1. 28 
1. 19 
1.04 
.95 
.82 
. 79

Adjusted

Centi 
meters

0 
0 
1.51 
3.86 
7.06 
9. 41 

12.5 
11.6 

6. 97 
3.95 
1.01 
0

57.9

Inches

0 
0 
.59 

1. 58 
2. 78 
3. 70 
4.92 
4. 57 
2. 74 
1. 55 
.40 

0

22. 8

i Mean yearly temperature is 46.4° F (7.98° C).

The estimates derived from the computations show that potential 
evapotranspiration is about 22.5 inches at Strevell, 24.4 at Oakley, 
and 22.8 at Albion. That is, potential yearly evapotranspiration is 
about double the yearly precipitation at those stations. This result 
is not surprising because a permanent deficiency in the moisture supply 
is characteristic of semiarid climates. The vegetation adapts itself to 
moisture deficiency and does not cover all the available land area. At 
most places in the semiarid part of the basin, vegetation is somewhat 
sparse, probably ranging from 40 to 75 percent of full coverage.

The estimated potential evapotranspiration is compared to measured 
precipitation at the three stations in figure 5. The graphs show that 
during the growing season (April to October) potential evapotranspi 
ration and precipitation are about equal only in the first and last 
months of the season. During the rest of the season there is a general 
moisture deficiency. During winter months the excess of precipita 
tion ranges from 2.8 to 4.0 inches. If this were distributed evenly 
throughout the winter, about 9 to 12 inches of the soil column would 
be saturated, and the water would be held as a reserve for evapotran 
spiration in the following growing season. There would be no excess 
for runoff or ground-water recharge.

If the rain were distributed in gentle showers at regular intervals 
throughout the year and from year to year, it would serve only to 
restore soil moisture and would be dissipated entirely by evapotran 
spiration. Precipitation is not evenly distributed, however, and much
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Strevell Oakley Albion

Winter precipitation, 
Nov.-Mar, 4.0 inches

Winter precipitation, 
Nou-Fetx.2.8 inches

EXPLANATION

Winter precipitation, 
No«-Feb.,3.9 inches

Soil-moisture recharge Evapotranspiration
CUD

Water deficiency

o o
Precipitation

0  a 
Potential evapotranspiration

FIGUKB 5. 'Estimated potential evapotranspiration compared to precipitation at three
stations in southern Idaho.

of the winter precipitation accumulates as snow, which melts rapidly 
in the spring. The supply of water from rapid snowmelt and from 
heavy showers in summer exceeds, at times, the field capacity of the 
sandy and gravelly soils and subsoils, and results in runoff and re 
charge of ground water.

Rough estimates might be made by the Thornthwaite method for 
several locations at different altitudes in the Raft River basin, using 
estimated values for temperature and precipitation. One could build 
up, piece by piece, a composite picture of estimated evapotranspira 
tion in the basin. The Thornthwaite method, however, is cumbersome 
and requires many computations and adjustments. Fortunately, 
records of precipitation and of the water yield of drainage basins can 
be used in a simplified method, which is less costly in time and effort. 
The total consumptive use of water in the basin, computed by the 
simplified method, is 1,105,000 acre-feet yearly (table 5, column 7). 
The simplified method of estimation will now be developed to show 
the derivation of the estimate of total consumptive use and total 
water yield.

SIMPLIFIED METHOD OF ESTIMATION

By W. B. LANGBEIN

The method of estimating evapotranspiration introduced here was 
developed during a nationwide study of the streamflow and runoff 
characteristics of river basins. It is applied here to an important 
water problem in an area for which there is practically no direct
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information about water yield. The derivation of the relation be 
tween climate and water yield is explained on pages 43-46.

Computation of consumptive use and water yield. The Eaft Eiver 
basin receives no migrant inflow of ground water from other basins, 
so the water yield equals the volume of precipitation less the water 
lost by evapotranspiration. The unconsumed residual water leaves 
the basin chiefly by ground-water underflow.

The estimate of consumptive use in the Baft Kiver basin is based 
on the distribution of temperature in the area. The few available 
observed temperature data are not sufficient to define accurately the 
relation between altitude and temperature, especially because all the 
temperature stations are in valleys. The data, however, show a gen 
eral relation which is represented graphically in figure 6.

A general idea of the regional lapse rate was obtained from a study 
of temperature records from stations in Idaho south of latitude 44° N. 
Mean annual temperatures at these stations were classified by even 
1,000-foot zones. The highest station is at Deer Point in Boise 
County 7,150 feet and the lowest at Parma Experiment Station 
in Canyon County 2,224 feet. The average temperature in each 
altitude zone was computed for the middle altitude of the zone and 
plotted on a graph. The solid line in figure 6 defines a lapse rate 
of 3.2°F per 1,000 feet, which is closed to the lapse rate of 3.5°F of 
the United States standard atmosphere (Berry and others, 1945, p. 
373). The lapse rate of 3.2°F was used to extrapolate the tempera 
ture records available for the Eaft Eiver basin (dashed line in figure 
6) and thus to estimate temperatures at different levels.

The temperature at given altitudes varies somewhat from region 
to region, and results of the study, therefore, are valid only to the 
extent that regional variations are averaged out in each altitude zone. 
The solid line in figure 6 shows only the lapse rate and does not neces 
sarily show the altitude-temperature relation in any one area. The 
plotted points indicate a slightly curved line, but only a straight 
line is warranted on theoretical grounds.

The difference between annual precipitation and runoff in humid 
regions especially in regions where runoff is more than half the pre 
cipitation represents the water loss by evapotranspiration under opti 
mum conditions for evapotranspiration. In such areas the water loss 
represented by this difference is related to the mean annual tem 
perature and is independent of precipitation. This may not be true 
of some lowlands at very low altitudes where seasonal variations in 
precipitation are pronounced. An example is North Head, Wash., 
where annual precipitation is about 50 inches, or roughly twice the 
potential evapotranspiration. The net deficiency of precipitation
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EXPLANATION

1. Burley
2. Rupert
3. Oakley
4. Albion
5. Strevell

Raft River Basin
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J_I
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MEAN ANNUAL TEMPERATURE, IN DEGREES FAHRENHEIT

FIGDEB 6. -Relation between temperatures and altitude (lapse rate). Solid circles repre 
sent averages for groups of stations in 1,000-foot altitude zones in southern Idaho. 
Open circles represent single stations in or near the Baft River basin.
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there during the summer is about 7.5 inches below potential evapo 
transpiration. Therefore, if there were no actual deficiency of mois 
ture, 7.5 inches of water from winter and spring rains would have to 
be carried over in the root zone. Perhaps only 5 or 6 inches of field 
capacity is available, so the unsatisfied deficiency is about 1.5 to 2.5 
inches. At altitudes above about 1,000 feet, however, the summer 
deficiency of precipitation for potential evapotranspiration needs is 
only about 4 inches. At least that amount of moisture is carried over 
in the root zone, so the conditions described in the early part of this 
paragraph are met in the Raft River basin.

Figure 7 shows graphically the relation between mean annual 
temperature and water losses. The curve on figure 7, which was 
published in a report by Langbein and others (1949), is based on 
differences between measured precipitation and runoff in humid re 
gions. The data used to define the curve seem to conform to the 
Thornthwaite definition of potential evapotranspiration. Many values 
for potential evapotranspiration, given by Thornthwaite (1948, table

,4 Oakley

fQ Albion 
/©Strevell

POTENTIAL EVAPOTRANSPIRATION, IN INCHES

FIGDEB 7. Relation between mean annual temperature and potential evapotranspiration 
in North America.   (After Langbein and others, 1949.)
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3), plot very close to the curve in figure Y. The three values calcu 
lated by the Thornthwaite method for Strevell, Oakley, and Albion 
also plot very close to the curve.

Additional information is available on the magnitude of potential 
evapotranspiration in the Raft Eiver valley. Although the Penman 
formula (Penman, 1956) gives a value of about 32 inches for Poca- 
tello, Lowry and Johnson (1942, p. 1253) state that observed con 
sumptive use of water in irrigated areas in the Mason Creek and Boise 
Valley areas of Idaho is 2.17 feet (26 inches). The mean temperature 
at the Boise and Caldwell weather stations is 50.7°F. This relation 
between temperature and potential evaporation plots very close to 
the curve in figure Y. Calculations by the Blaney-Criddle and Lowry- 
Johnson methods also indicate a loss of about 24 inches from irrigated 
areas in southern Idaho (Simon, 1953, p. 18). The weight of evi 
dence, therefore, supports our computation that potential evapotran 
spiration in the Eaf t Eiver valley is about 24 to 26 inches, although 
according to the Penman formula the potential evapotranspiration 
would be higher.

The water yield was computed as shown in table 9. In this table 
column 1 is the altitude corresponding to the precipitation shown in 
column 2. The precipitation as read from figure 3 was modified, as 
explained on page 30, according to the location. The adjustments 
are plus 1 inch for the western area, zero for the eastern area, and 
minus 1 inch for the southern area. Column 3 is the mean annual tem 
perature, read from a graph of the temperature-altitude relation (fig. 
6). The potential annual water loss by evapotranspiration, shown in 
column 4, was obtained graphically from figure Y. Column 5 shows 
the ratio, P/L, of annual precipitation (P) to potential water loss 
by evapotranspiration (Z). Column 6 shows the ratio, R/L of the 
annual water yield (R) to the potential evapotranspiration. This 
ratio was obtained graphically from figure 8. The curve in the figure, 
drawn from data in table 10, in effect summarizes data given by 
Langbein and others (1949, p. Y, fig. 2) for certain locations in North 
America. The derivation of the relation between water yield and 
climate is explained on pages 43-46. The water-yield value, /?, would 
represent actual runoff in basins where runoff equals the climatic yield 
of water. Climatic yield is defined as the difference between precipita 
tion and actual evapotranspiration. In table 9 the R in column Y is 
the water yield obtained by multiplying R/L (column 6) by Z, the 
potential water loss (column 4). The method of deriving figure 8 is 
explained on page 46.
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TABLE 9. Computation of water yield from precipitation in the Raft River basin

[Computations explained on p. 40]

Altitude (feet)

1

Precipi
tation, P
(inches)

2

Tempera
ture, (°F)

3

Potential
water loss,
// (inches)

4

Ratio

PIL

5

RIL

6

Water
yield, R
(inches)

7

Western area

8,500... ____ .--_.__
7,500.__. ___. . _______
6,500________-_---.__
5,500._ _ __-__-_-_._
5,000___   -_-----___
4,500__._ ____________
4,000  _-._- __ -_-.

30
25
20
16
13.5
12
11

35
38
41. 5
44.5
46
47. 5
49

15.5
17
19
21
22
23
24

1 94
1 47
1 05

76
61
52
46

1 00
53
22
063
023
01
007

15.5
9.0
4.2
1. 3
.50
.23
. 17

Eastern area

8,000_.__--___- _ -__
7,000  __ ___---_._
6,000. ____ . ___ -_.
5,000  ___ _ --____.
4,500  _____________

27
22
17
12
11

36
39.5
42.5
46
47.5

16
18
19.5
22
23

1 69
1 22

87
55
48

0.73
.33
. 11
.013
.008

11.7
5.9
2. 1
.29
. 19

Southern area

8,000 _._ _ -   ___.
7,000. ____ _._____-
6,000  ___-.-- _ _-.
5,000. _____ _.___--
4,500 ____ . ___ --_.

25
20
16
11
10

36
39.5
42. 5
46
47.5

16
18
19.5
22
23

1 56
1 11
82
50
43

0.60
.25
.09
.009
.006

9.6
4.5
1.8
.20
. 14

The relations between precipitation and altitude differ somewhat 
in the western, eastern, and southern parts of the area. Therefore, 
in table 9 separate computations were made of the water yield of 
each of these three principal areas. From these computations, work 
ing graphs were prepared on semilogarithmic paper (fig. 9) to show 
the relation between altitude and annual water yield.

As a final step, the graphs in figure 9 were used in conjunction 
with the isohyetal map to develop another map showing estimated 
water yield (pi. 3). The water yield is shown by contours connecting 
points of equal water yield. The map was drawn on an overlay of the 
topographic map, so that the contours conform in general to the 
topography.
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TABLE 10. Mean annual precipitation, potential water loss by evapotranspiration, 
and water yield in representative stream basins in North America 1

[Inches of water]

Stream

Mexican Springs Wash at Mexi 
can Springs, N. Mex__ ______

Cannonball River at Breien, N. 
Dak_______ _ _ ._ _ __ _

Churchill River at Island Falls, 
Saskatchewan.

South Fork Palouse River near 
Pullman, Wash___ __ _ ____

Stream A, Wagonwheel Gap, 
Colo_._____ _____________ _

Saline River at Tescott, Kans _ _ 
Cajon River near Keenbrook, 

Calif_______________________
Elkhorn River at Waterloo, 

Nebr. ______ _ _ _ _.__
Deep Creek near Hesperia, Calif _ 
Strawberry Creek near San Ber-

Washita River near Durwood, 
Okla______-__-_--_.____-__-

Ralston Creek near Iowa City, 
Iowa _ ___ _ ____

Miami River at Dayton, Ohio_ _ _ 
Neuse River near Clayton, N.C__ 
Middle Westfield River at Goss 

Heights, Mass____ ___ _____
West River at Newfane, Vt_ __
Kissimmee River near Okeecho- 

bee, Fla _ ___ ______ __
Little River near Horatio, Ala_ _ _ 
Elk River at Queen Shoals, 

W. Va___________________._
Average of 10 comparable basins

Anita River near Denham

Precipi 
tation (P)

15 

15. 6 

16 

19. 6

21. 1 
22. 1

22.8

23.0 
27. 1

30.9

31. 2 
31.4

33.0 
37.0
45. 4

45. 6 
46.5

50 
50.7

51. 8 

59.3 

59.4

Runoff
(#)

0.4 

. 61 

4. 1

2.8

6. 1 
.76

4.5

1. 7 
10.0

8.0

3.2 
18.8

6. 7 
11.5 
13.9

25.9 
25

7.3 
17.3

24.0 

22.7 

19.5

Loss (L)

23 

27.5 

18 

18

16 
38

23

31
17.5

24

40 
16

32 
27.5 
37

22 
19.5

54 
35

27.5 

41 

42.5

Ratio

P/L

0. 65 

.56 

.88 

1.09

1.32 
.58

1.0

.74 
1.55

1.29

.78 
1.96

1.03 
1.34 
1.22

2. 1 
2.4

.93 
1.45

1.88 

1.45 

1.40

P/L

0.017 

.022 

.23 

. 155

.38 

.02

.20

.055 

.57

.33

.08 
1. 18

.21 

.42 

.375

1. 17 
1.27

. 135 

.50

.87 

.55 

.46

i Based on data given by Langbein and others (1949, p. 7).
NOTE. The potential water loss in this table corresponds to a mean annual temperature which was com 

puted by weighting the mean temperature for each month by the amount of precipitation in each month. 
In the Raft River basin the difference between weighted and reported mean temperatures is small. The 
difference is most significant for areas where precipitation occurs dominantly in winter (such as on the 
West Coast) or dominantly in summer (such as on the Great Plains).

Derivation of relation between water yield and climate. Runoff 
from many basins cannot be measured directly but must be estimated, 
so it seems logical to approach the problem by estimating water loss 
by evapotranspiration, the water yield being the residual or uncon- 
sumed component of precipitation. This can be done on the basis of

593525 61-
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PIGUEB 9. Relation between altitude and water yield in principal subdivisions of the
Raft River basin.
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relations observed in areas for which there are good data on precipita 
tion, runoff, and other factors that affect water loss and runoff, 
and where a basis can be developed for estimating potential 
evapotranspiration.

Water yield is the surplus of precipitation over water loss, and 
annual runoff is equivalent to water yield if no water moves into or 
out of a drainage basin by underflow. Water yield increases with 
precipitation, but a logical first step in computation of water yield 
is to determine how evapotranspiration varies in relation to 
precipitation and temperature.

Potential evapotranspiration is a function exclusively of solar radi 
ation and other climatic factors that are reflected in the temperature. 
As annual precipitation increases from zero, actual water loss increases 
toward potential loss as an upper limit. Where annual precipitation 
is low, water loss nearly equals precipitation. Nevertheless, not all 
precipitation is consumed, even in dry climates, because: (a) at times 
the rate of precipitation exceeds the rate of infiltration and runoff 
occurs; and (b) filtration into the soil at times exceeds the amount 
necessary to restore soil moisture and ground-water recharge occurs. 
At increased rates of yearly precipitation, complete restoration of soil 
moisture occurs more frequently, and the frequency and volume of 
runoff and ground-water recharge increase. Where annual precipita 
tion equals potential loss by evapotranspiration, actual water loss still 
is less than the potential by the amount of runoff and ground-water 
recharge generated when the rate of precipitation exceeds the capacity 
of the soil to absorb and hold water. The water in excess of soil- 
moisture requirements is not available for evapotranspiration during 
later dry periods. Only where precipitation is distributed uniformly 
throughout the year and is about twice the potential loss will soil 
moisture be sufficient to permit actual loss to equal potential loss. 
Under such circumstances, water yield equals precipitation minus 
potential loss. Since no such climate exists in the Raft River basin, 
actual evapotranspiriation must be estimated by a more complicated 
procedure.

The ratio of actual to potential evapotranspiration varies with the 
ratio of precipitation to potential evapotranspiration. Water yield 
is precipitation minus actual evapotranspiration, so the ratio of water 
yield to potential evapotranspiration probably also varies approxi 
mately as the ratio of precipitation to potential evapotranspiration. 
Rather than speculate about the mathematical aspect of this relation, 
it seems more practical in this report to explore the relationship 
graphically.
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Figure 8 showed the relation defined by the data in table 10, which 
are computed from data previously published (Langbein and others, 
1949, table 4). The river basins represented in the table are basins 
in which runoff equals water yield that is, all the water yield is runoff 
and none is discharged by underflow. The ratio of runoff to potential 
evapotranspiration, R/L, increases rapidly at low values of P/L, but 
for values of P/L greater than 2, R/L approaches P/L values of 
minus 1. In areas represented by that part of the graph, annual 
water yield equals annual precipitation minus annual potential 
evapotranspiration.

The points plotted on figure 8 define a rather close relation, but 
the graph is not strictly applicable to a specific drainage basin. 
Evapotranspiration is affected appreciably by geologic and soil con 
ditions. Permeable, deep soils, such as those in the Sand Hills of Ne 
braska absorb rainfall readily and allow deep infiltration beyond the 
root zone to the water table. In such areas water yield tends to be 
greater than that in areas not having permeable deep soil, or having 
deep but retentive soils. So-called tin-roof basins those having im 
permeable soil cover would have high runoff because a large part of 
rainfall runs off before it can be absorbed by the soil.

The relation defined by figure 8 applies to the water yield at points 
of generation. The net yield at a given point downstream in the Raft 
River basin depends on evapotranspiration by riparian and phreatic 
vegetation, which increases downstream in proportion to the increas 
ing dryness of the climate, as it does in most other western basins.

Evaluation of the 'method. The method described has not been 
published previously. It expresses the variation in water yield that 
is associated with the range of climates in the United States. It also 
tends to minimize the consequences of erratic variations that occur 
when methods of computing yield by subtracting potential evapo 
transpiration from precipitation are applied in arid climates. Where 
water yield is low 0.5 inch or less and subtraction methods of com 
putation are used, small variations in potential evapotranspiration can 
cause variations in computed yield which are exaggerated in compari 
son to those derived by the method used in this report.

Because water yield is not entirely explained by climatic variables, 
the method needs to be tested by comparing results and, if necessary, 
adjusted in accordance with local measurements of water yield.

Two crude checks can be made of the validity of the estimates de 
rived herein, by use of the records for gaged streams where ungaged 
underflow probably is not a very large factor:

1. The observed average discharge of Cassia Creek near Conant 
during water years 1910-12 represents 4.5 inches of yield from the
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Elba basin watershed. The water yield estimated from the map (pi. 3) 
is 4.8 inches, and the apparent error is slightly more than 6 percent. 
If allowance is made for a small amount of ungaged underflow from 
the basin, the agreement is even closer. The record, for Cassia Creek is 
too short to have much significance and the close agreement of the two 
values probably is coincidental. The short (3-yr) record is for a 
period of greater than normal precipitation, and the average long- 
term water yield probably is less than the record shows. So the close 
agreement between estimated and actual water yield may be an illusion.

2. The observed average discharge of Clear Creek near Naf repre 
sents a yield of 7.0 inches from the watershed. The amount estimated 
from the map for this area of 19 square miles is 9.0 inches. Under 
flow through alluvium at that location undoubtedly is appreciable, so 
the divergence between actual and estimated water yield is really 
smaller than it seems. The estimate apparently is in error by 29 per 
cent, but if allowance is made for some underflow the apparent error 
probably is not more than 15 percent and may be less. Very close 
agreement cannot be expected for such a small watershed.

Apparent errors were expected to be much larger because of the 
extreme scarcity of data on which to base calculations and estimates. 
The errors reflect principally deficiencies in the available data, not in 
the method of estimation itself. The estimated total water yield of the 
basin probably is within about 20 percent of the correct figure.

CREDIBILITY OF THE RESULTS

By R. L. NAOE

Credibility, if not accuracy, of the computed water yield can be in 
ferred by analysis of the water yield for the Yost-Almo Basin in re 
lation to the geology. The basin has a "throat" discharge, and much 
of the water leaving the basin must go through The Narrows. Esti 
mated water yield of the basin is 77,000 acre-feet per year (table 5). 
Average annual discharge of the Raft River at Peterson Ranch, just 
below The Narrows, during the period of record was 17,000 acre-feet 
(table 11), leaving 60,000 acre-feet of water to be accounted for.

The 8,000 acres of irrigated land in the Yost-Almo basin consumes 
about 5,000 acre-feet of water per year (p. 80) in addition to the 9,600 
acre-feet (14.4 inches) per year assumed in table 5, and thus would ac 
count for a small part of the water. Some water leaves the basin also in 
the artesian aquifers of the Salt Lake (?) formation and perhaps in 
olcler rocks. The assumed amount is 10,000 acre-feet. About 45,000 
acre-feet of water probably leaves the basin yearly by underflow, 
chiefly through the permeable alluvium in The Narrows. Is it reason-
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able to assume that the alluvial fill can transmit most of the 45,000 
acre-feet of water per year.

Reconstruction of the probable subsurface geology at The Narrows 
indicates that the cross-sectional area of the alluvial fill at the most 
constricted part probably is on the order of 500,000 square feet. The 
45,000 acre-feet of water yearly is equivalent to a continuous flow of 
about 62 cfs (cubic feet per second) or 40 million gpd (gallons per 
day). The rate of flow would be about 10.7 cubic feet per day per 
square foot through a cross-sectional area of 500,000 square feet. 
If the porosity of the gravel were assumed to be 30 percent, the 
velocity of underflow would be about 35 feet per day.

Springs and seeps occur along the Raft River above The Narrows, 
and the water-table gradient in that reach therefore is about the same 
as the straight-line grade of the river, or about 40 feet per mile. The 
authors assume that the gradient through The Narrows also is at least 
40 feet per mile. The water-table gradient, estimated discharge rate, 
and area of discharging cross section imply a transmissibility co 
efficient in excess of 1 million gpd per foot and a permeability co 
efficient on the order of 7,000 to 10,000 gpd per square foot. These 
coefficients are high but reasonable. The coarse gravel in The Narrows 
was deposited from fast-moving water and probably contains negligi 
ble fine-grained matrix. Such coarse material would be extremely 
permeable.

The geologic and hydrologic unknowns are so numerous and signifi 
cant that no rigorous test of credibility can be applied. The water 
yields computed by the simplified method are used throughout the re 
mainder of this report. Although credible and reasonable, they are 
only estimates whose correctness can be neither proved nor disproved 
by using existing data.

SUEFACE-WATEK 

DISCHARGE

Only a small part of unconsumed precipitation in the Raft River 
basin runs off in streams. The Raft River, the upstream part of Clear 
Creek, and Cassia Creek are the principal perennial streams; all 
others either are intermittent or have very small discharge. Records 
of discharge of the Raft River and Clear Creek have been published 
annually by the Geological Survey for many years. Gaging of the 
Raft River was interrupted after 1953 but was resumed in 1955. The 
discharge of these streams during 16 years of noncontinuous record, 
and 3 years of early record for Cassia Creek is summarized in table 11.
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No other systematic measurements of stream discharge have been 
made in the Raft River basin.

Except during floods, most water discharged by the Raft River 
from the Yost Valley through the Upper Narrows into the Almo 
Basin either is diverted for irrigation within 4 or 5 miles below the 
gorge, or seeps into the ground. Late in the irrigation season springs 
contribute most of the flow of the river below the diversions. The 
channel of George Creek crosses about 6 miles of alluvial sediment 
before joining Johnson Creek and the Raft River, and the creek 
loses much water by infiltration in the alluvium. Only during flood 
and freshet stages is there enough water in these creeks to reach the 
river. Almo Creek contributes very little water to the river during 
the irrigation season.

TABLE 11. Yearly runoff of streams in the Raft River basin l 

[Acre-feet per water year. Square miles of drainage area above stations is given in parentheses]

Water year

1910 2 _________ __ . _
1911. __.__.___._._.......___.
1912. _....__.___....._.......
1913. ________________________
1914_. ___ ___________________
1945. .__.___._.. _ .._..__.._
1946. ___ __. __ ____________
1947.. _______________________
1948. -__.--__-._.________.__.
1949__. ______________________
1950.- ____----___-__--._._._.
1951- ________________________
1952. _____________ _ ________
1953. ________________________
1954. ________________________
1955. ________________________

Raft River 
near Bridge 

(505)

27, 770
3 11,790

32, 500
29, 200
38, 900

28, 000

Raft River at 
Peterson 

Ranch (412)

10, 410
10, 250
20, 690
13, 400
24, 000
24, 950
14, 750

(4)

17, 000

Clear Creek 
near Naf 

(19)

9,070
8,420

11, 630
6,460
6,550
7,200
7,620
7,980
7,150
7,520
5,920
2,810
4,310
7,100

Cassia Creek 
near Conant 

(104)

23, 000
18, 900

3 33, 300

25, 000

1 Published data are in the following U.S. Qeol. Survey Water-Supply Papers: 272, p. 292-294; 292, p. 341- 
347; 312, p. 310-315; 332, p. 354-358; 362, p. 346-349; 393, p. 87-14; 413, p. 80-81; 1043, p. 85; 1063, p. 72; 1093, p. 
73-74; 1123, p. 72-73; 1153, p. 75-76; 1183, p. 68-69; 1217, p. 53-54.

2 Record for Clear Creek is fragmentary.
3 Partly estimated.
4 Station suspended after December 1953. Reactivated in May 1955.

Very little surface water is impounded in the Raft River basin. 
Sublett Reservoir, 6 miles east of Sublett, has an average surface area 
of about three-eighths of a square mile. Independence Lakes, natural 
small ponds having an aggregate area of about a quarter of a square 
mile, occupy a cirque high on the northwest side of Mount Cache.
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Records for the Raft River basin afford no basis for computing 
total surface inflow to the Raft River valley from all sources, and 
there is little up-to-date information about outflow at the mouth of 
the Raft River. Miscellaneous measurements near the mouth of the 
Raft River in 1949 and 1950 were as follows: September 20, 1949, 
11.6 cfs; June 30, 1950, 6.97; August 2, 1950, 8.04. For general 
computation it is assumed that in recent years the stream discharged 
an average of 10 cfs from May to October (3,560 acre-feet). Flow 
during the other 6 months of the year probably is no greater, and the 
total annual discharge of the river at its mouth undoubtedly is less 
than 10,000 acre-feet. Miscellaneous data led Stearns and others 
(1938, p. 213) to estimate that the discharge as long ago as 1927 was 
only about 9,000 acre-feet per year.

Early records of discharge of the Raft River at the gaging station 
near Bridge (table 11) no longer have much value because diversions 
have changed since 1914 and because the rate of flow at that station 
differs from the rate at Peterson Ranch. In the reach between the 
Peterson Ranch and Bridge stations the river alternately loses and 
gains water, and records for the two stations are not mutually com 
parable. The records of discharge that are most useful for this report 
are those of Raft River at Peterson Ranch in 1947-53 and Clear Creek 
in 1945-55.

The periods of record are too short to be a reliable basis for com 
puting average-discharge values. The maximum recorded annual 
discharge at each station is about double the minimum. Average 
runoff in Raft River at Peterson Ranch during the 7 years of record 
was about 17,000 acre-feet. Average discharge of Clear Creek near 
Naf during 13 years of record was about 7,100 acre-feet.

LOSS AND GAIN IN THE RAFT RIVER

By s. w. FADER and R. L. NACE

Flow in the Raft River is augmented by ground-water discharge in 
the western (upper) part of The Narrows, but at times it may de 
crease slightly by percolation loss in the eastern part of sec. 6, T. 
16 S, R. 26 E., in the reach extending about a quarter of a mile above 
the gage at Peterson Ranch. Measurements on August 22, 1952, 
showed that the river gained 3.3 cfs in a reach extending about
1.5 miles from the eastern part of sec. 10 to the western part of 
sec. 12, T. 16 S., R. 25 E. From there to the middle of sec. 6, T.
16 S., R. 26 E., a distance of about 1.75 miles, a gain of 1.6 cfs was
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measured. Within the next quarter of a mile downstream the river 
lost 3.3 cfs by percolation into the ground. On the other hand, in 
1957 check measurements were made of the discharge at either end 
of the reach from the Peterson Ranch gage to 0.3 mile above the 
gage, with the following results:

0.3 mile
Date (1957) above gage At gage Gains

(cfs) (cfs) (cfs)
Apr. 2___......____...____..._. 20.4 23.3 2.9
Nov. 4____. _______________ 9.7 10.5 .8

Evidently, the loss-and-gain regimen of the river is variable, not 
only from reach to reach at a given time but also in a single reach 
at different times.

Whether or not the stream gains in a given reach depends on the 
level of the water table in relation to the streambed, the condition 
of the channel, and the stage of the stream. When the water table 
is below the streambed the stream tends to lose water. At low-flow 
stages, however, the channel may be silted over so that infiltration 
is impeded. At high stages the silt is removed and the channel 
becomes permeable. Also, at higher stages river water may percolate 
outward through the channel walls, which are not ordinarily blan 
keted by silt.

Discharge of the Raft River alternately decreases and increases in 
successive reaches between the Peterson Ranch gaging station and the 
mouth of the river (table 12). The river regimen has special interest 
because pumping of ground water may affect it, especially in the 
central and northern parts of the valley. Miscellaneous measure 
ments of river discharge were made in 1949 and 1950 at the gaging 
station, and at the temporary measuring stations shown on plate 4, to 
determine the general magnitude of percolation losses and gains and to 
segregate the principal loss-and-gain reaches at the times the measure 
ments were made. Differences between rates of flow at successive 
measuring stations represent the net loss or gain between those points. 
Accurate determination of losses and gains by the method used was 
difficult or impossible at times, because of variable factors that could 
not be controlled. For instance, some reaches in the river channel 
are braided, and the volume of flow in the separate channels is too 
small to be measured accurately with a current meter. An appre 
ciable amount of diverted water seeps into the ground from ditches 
and returns to the river within a short time. Much of the water that 
is spread for irrigation, especially around the mouth of Cassia Creek.
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returns to the river in seeps and small drainageways in which the flow 
is too small to measure by current meter. During spring periods of 
high runoff the excess or flood discharge of local streams and gullies 
is used for irrigation, and return flow in surface drains is greater 
than in the late summer. Thus determination of direct channel losses 
and gains probably is less accurate in April, May, and June than in 
July and August.

TABLE 12. Summary of losses and gains in reaches of the Raft River from 
Peterson Ranch to mouth

[Cubic feet per second]

Station 1

I....... __ ... ... ...
2... ____ .........
3....  ... ...   - ...
4.... __ . _ ..... 
5... __ . __ .......
6....  ... ... .... ...
7..    ...      
8... __ .. __   -
9... _ ..............
10--      
11.       
12        
13          
14     .   
15... ___ - __  
16.-  - __
17       

Total    

Net loss or

Sept. 13^20, 1949

Gain

0.41
0 
4 on

70
.46

1.46
10.8

18.8

13.7

Loss

0.33 
1.67

91
2.18

0

nd

5.13

..........

Apr. 24-26, 1950

Gain

1.66

64

n o

1.20

4.02

8.23

27.6

17.0

Loss

2.92
1.20
5.45

.95

10.5

..........

June 28-July 5, 
1950

Gain

0.51

0
8.77 
2.28

10.77

5.29

7.79
6.93

42.3

28.5

Loss

2.10
.87

1.30
.31

0

2.55
1.37

5.32

13.8

July 31-Aug. 2, 
1950

Gain

0 
5.48

2.31

.66

2.99
8.03

19.5

11.8

Loss

0.18 
1.84 
1.04 
1.25 
.13 

0

.19

2.38 
.02

.63

7.6

1 See plate 4 and table 13 for locations of stations.

The computed channel losses and gains were not adjusted for 
evaporation. The total amount of water evaporated from the 70 
miles of river below Peterson Ranch probably was appreciable during 
the periods of measurements, but within single measured reaches the 
volume of evaporation doubtless was very small during those periods. 
In the computed values, errors from all causes probably are at least 
10 to 15 percent, but these values indicate losses and gains in their 
correct relative magnitude. All the direct measurements are listed 
in table 13, and the mean daily discharge of Baft Eiver at Peterson 
Eanch during periods of special measurements is shown in table 14. 
Data in tables 12 and 13 are illustrated graphically in figures 10, 11, 
12, and 13.
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TABLE 14. Daily mean discharge of the Raft River at Peterson Ranch (station 1 in
this report) during periods of special measurements

[From published records of the Geological Survey]

Date

1949 
Sept. 12 __ ___ __ ___ _

13.. -_---__--_---_
14-_----_____-__-_
15
16_. _ _____ ______

l7-__---_____.____
18      -     -
19_   -_     _____
20.. _---_______.-_
21 ____ _-.- _ ___

1950 
April 23_---_- __ -_-_ _

24____-________ -_
25           
26-__---__________
27
28._     --_____   _

Discharge (cfs)

7.0
7.4
7.4
7. 4
7.0

7.0
7.7
7. 7
7. 4
7.4

38
36
34
34
32
34

Date

1950   Con.
June 27--__- __ ___

28             
29             
30             

July l____--______-___-

2. _ __.____--_-__
3. ----------------
4 _
5             
6__   --_   _-__  

July 30____-__ __ __-__-
31            

Aug. 1 _.-
2            
3 - -_--
4

Discharge (cfs>

10
9. &
9.4
8.9°
8.9

8. 6-
8. 6
8. &
8. 6
8.6-

8. a
8.0
7. 4
7.4
7.4
8.3

Except during flood and freshet periods, none of which are repre 
sented in figures 10 to 13, nearly all the water in tributary streams 
either was diverted for irrigation or seeped into the ground. The 
Raft River received only very minor tributary inflow. Part of the 
gain from ground water between stations 7 and 11 was from land 
irrigated with water from Cassia Creek. Springs and seeps along 
the lower 15 miles of the Raft River channel are fed partly by under 
flow from the western slope of the Sublett Mountains. The main 
volume of underflow to the springs and seeps, however, probably 
comes from upstream areas of the Raft River valley.

GBOTTND WATER
The Raft River valley is a gathering ground for water derived 

from precipitation in a total area about twice the size of the valley. 
Main bodies of ground water in the valley lowland occupy no more 
than a third of the entire Raft River basin. This section describes 
the main occurrences and movement of the ground water; outlines 
the form, position, and fluctuations of the water table; identifies and 
evaluates sources of natural recharge and means of discharge; and 
summarizes a small amount of data on chemical characteristics of 
water. The locations of wells in the basin are shown on plate 4.

OCCURRENCE AND MOVEMENT

Ground water occurs in the Raft River basin under both water-table 
and artesian conditions. Artesian water occurs under physical situa 
tions that confine it under hydraulic pressure, so it may be called
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confined water. Under water-table conditions, ground water is not 
confined under pressure, so it is called unconfined water, or simply free 
water. Most readily accessible ground water of good quality in the 
report area is free (unconfined). It occurs chiefly in unconsolidated 
permeable alluvium below The Narrows and north of Strevell in the 
Baft Biver valley, and in basalt in the Northern Plains section.

Some precipitation on the uplands permeates the rocks and migrates 
toward the lowland, where it helps to replenish free ground water. 
Other precipitation on the upland enters artesian aquifers where 
they crop out and percolates to considerable depth as it moves to the 
valley, where it moves through confined aquifers scores to hundred of 
feet beneath the surface. The subsequent history of the artesian water 
is not known in detail. Some is withdrawn through deep wells, and 
some leaks upward along faults and through imperfectly confining 
beds and enters shallow aquifers. The remainder probably migrates 
northward and discharges from the Raft Biver valley at considerable 
depth. Most of the water yield of the basin is discharged to the Snake 
Biver Plain by underflow.

Beneath the floor of the Baft Biver valley, ground water occurs in 
flood-plain and alluvial-fan deposits of gravel, sand, and silt. Inter- 
bedded lenses and tongues of silt and clay locally support perched 
water at shallow depth. At somewhat greater depth the fine-grained 
deposits imperfectly confine beds beneath which water is under 
artesian pressure. Single beds of the fine-grained alluvium seemingly 
are not sufficiently extensive to produce widespread perched or 
artesian conditions, and most of the ground water in the alluvium 
is unconfined. The flood-plain and fan deposits are very permeable 
in general, but less permeable loosely cemented gravel occurs at places 
in the alluvial fan of Cassia Creek near Malta.

The temperature of water from wells in unconfined aquifers ranges 
from about 48° to 69° F. Unconfined water in this area having tem 
peratures above 55° F probably contains some admixed water that has 
escaped from artesian aquifers.

Little is known about the hydrology of the Baft lake beds or the 
Salt Lake( ?) formation. The Baft lake beds yield water to several 
irrigation wells near the Baft Biver north of Yale, but the beds have 
not been positively identified as aquifers elsewhere. Artesian ground 
water occurs in the Salt Lake( ?) formation, which underlies younger 
rocks beneath most of the lowland areas in the Baft Biver valley 
and the Almo and Elba Basins. The information in most well logs 
is not sufficient to permit positive discrimination between the Salt 
Lake(?) formation and the Baft lake beds beneath the Baft Biver 
valley. The water-bearing properties of the Salt Lake(?) forma 
tion, therefore, are not known in detail. Most water-bearing beds
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identified with the Salt Lake( ?) formation are fine grained and low 
in permeability. They do not ordinarily yield sufficient water to 
wells for irrigation. The lake beds contain the. principal artesian 
aquifers in the Raft Elver valley, and a few deep artesian wells yield 
moderate amounts of water.

Artesian conditions in the Salt Lake(?) formation probably are 
controlled largely by the general structural system of the tilted fault 
blocks. Water is tightly confined where faults offset permeable aqui 
fers against relatively impermeable material. Some fault zones may 
fae brecciated, and where the faults intersect artesian aquifers they 
may be permeable avenues along which artesian water migrates up 
ward into shallower saturated zones. The temperature of the artesian 
water tapped by wells in the Raft River basin ranges from about 
100° to 211° F. Wells l'5S-26E-23bbl and 23ddl, which are 4U and 
540 feet deep, respectively, yield water having temperatures of 198° 
and 211° F. Those wells tap water in the Salt Lake(?) formation, 
possibly in or near a fault.

A small amount of ground water is present in crevices in the con 
solidated sedimentary and igneous rocks in the mountainous parts of 
the basin. Water occurs also in unconsolidated talus and hill-wash 
sediments in upland basins, but at most places those materials are 
above the main water table and are not permanently saturated.

The slope and configuration of the water table near the Raft River 
from The Narrows to the Snake River is shown by water-table con 
tours on plate 5. The slope of the water table indicates the approx 
imate direction of ground water movement down the hydraulic 
gradient roughly at right angles to the contours. The details of 
ground-water movement in the flanks of the Raft River valley, in 
upland valleys, and in the mountainous areas are not known. In 
general, however, ground water moves from the flanks of the basins 
toward their drainage stems and outlets.

Artesian ground water in the Raft River valley moves generally 
northward toward the Snake River Plain. Warm artesian ground 
water that leaks from deep sources and migrates into shallow uncon- 
fined ground-water zones causes the raised water temperatures ob 
served in some irrigation wells. Waters having temperatures be 
tween 60° and 80° probably are mixed.

FOKM AND POSITION OF THE WATER TABLE

Most wells in the Raft River basin are in the central Raft River 
valley, in a narrow belt about 1 to 2 miles wide on either side of the 
Raft River, and in a broader belt extending northward from Malta 
into the Northern Plains section. Therefore, the. water table could 
be mapped with reasonable accuracy only in a narrow belt adjacent to
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the river in the Raft River valley and in part of the Northern Plains 
section. Plate 5 is a generalized representation of the water table. The 
piezometric surfaces of the artesian aquifers could not be represented 
on the basis of data available in 1957.

In the lowland of the Raft River valley the slope of the water table 
is northward, ranging from about 40 to 60 feet per mile in the central 
southern part to about 10 feet per mile in the vicinity of Idahome. 
In the eastern part of the Northern Plains section the direction of the 
water-table gradient is about parallel to the course of the Raft River; 
in the western part the direction varies between northward and 
westward. In that area the slope ranges from 10 to 40 feet per mile. 
Wells are scarce and widely spaced in the Northern Plains section, and 
water-level measurements were made in different wells in different 
years. Therefore, the water-table contours on plate 5 are not con 
sistent with all the water levels shown in table 22, especially in the 
sector south of Lake Walcott.

The water table is less than 50 feet beneath the central floor of the 
Raft River valley in a belt 1 to several miles wide parallel to the river. 
In a narrower belt adjacent to the river the depth ranges from zero 
to less than 10 feet. Beneath high alluvial slopes the depth to water 
probably is as much as several hundred feet. To the north, in the 
basalt plains area, the depth to water is only a few feet in wells near 
Lake Walcott but reaches about 275 feet several miles south of the 
lake. Beneath elevated areas in the basalt plain the depth to water 
exceeds 300 feet. The depths to water and other data on wells are 
recorded in table 22 at the end of this report.

WATER-LEVEL FLUCTUATIONS

By E. L. NACE and s. w. FADEE
An aquifer is a natural storage reservoir, and ground-water levels 

are an index of the amount of water in storage. Although fluctuations 
of ground-water levels are caused by many factors, the most important 
in the Raft River valley is changes in the volume of storage. A 
ground-water reservoir may contain in storage a volume of water 
equivalent to all the recharge during a few to many years, according to 
local conditions. If an aquifer contains 25 percent pore space, a 
column of the aquifer 100 feet long and 1 square foot in base area 
would contain 25 cubic feet of water if completely saturated. Re 
moval of 1 cubic foot of water would cause lowering of the water level 
by somewhat more than 4 feet more than 4 because not all the 
water can be removed from soil by gravity drainage, some being held 
against gravity by capillarity.

Periodic measurements were made in 9 observation wells in the 
Raft River valley and Northern Plains section. The hydrographs 
(figs. 14 and 15) show somewhat irregular short-term fluctuations,
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Well 9S-26E-7bc(

1951 1952 1953 1954 1955 1956 
Hydrographs of Lake Walcott and wells in the Northern Plains section.

which are superimposed on a long-term rising and falling of the 
water table. Irregularities are less pronounced in the Northern 
Plains section (fig. 16). The times of the high and low points in the 
yearly fluctuations differ in different parts of the basin and seemingly 
also in different years in a single part. Figure 16 shows little net 
change in surface storage in Lake Walcott from 1951 to 1956. Con 
currently, the net decline of water levels in wells near the lake was 
nearly 3 feet. The annual rise of ground-water levels in that area 
lagged about 4 to 6 months behind the annual rise in stage of the lake.

Water levels in the irrigated lowlands of the Kaft Eiver valley 
tend to be highest early in the irrigation season but drop soon there 
after. (See figs. 14 and 15, hydrograph of well 13S-26E-24aal.) Ee- 
charge of the shallow unconfined aquifers by unconsumed irrigation 
water is prompt, and water levels reach high stages soon after late- 
spring floodwater is applied to irrigated fields. The tendency toward 
an early rise of the water table is partly offset by drawdown from 
pumping in the irrigated area, and pumping contributes also to the 
later decline of water levels.

Outside the irrigated area and remote from heavily pumped irri 
gation wells, especially in foothill alluvial fans, the pattern of water- 
level fluctuations differs from that in the central lowland. The 17- 
year record for well 16S-26al, near Naf, is an example (fig. 17). 
The extremes of low water levels at that location are not known be 
cause the well ordinarily is dry in the spring. The lower levels are 
reached between April and May. Thereafter, the water table rises
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rapidly to a peak in August or September. The well is distant from 
irrigation tracts and at a higher altitude than wells to the north. The 
late-spring rise, therefore, is not caused by recharge from irrigation. 
Comparison of the water-level changes with records of precipitation 
and stream runoff shows that the rise probably is caused by underflow 
after infiltration of late-spring rain and snowmelt in the mountains; 
south of the well. The range of fluctuations is more than 25 feet in 
6 months.

Kunoff in the Kaft River ordinarily increases in the spring shortly 
after average air temperature rises above freezing. The water level 
in the well near Naf rises a few weeks thereafter. Evidently the 
underflow "wave" from ground-water recharge in the upland lags 
several weeks behind runoff.

Clear and Rice Creeks, intermittent streams that are fed chiefly by 
snowmelt, converge toward the piedmont alluvial fan on which the 
well is situated. Records for Clear Creek indicate that the time of 
high runoff coincides approximately with that in the Raft River. 
Most of the creek water sinks into the piedmont plain and recharges 
the local aquifer. On the other hand, the water-level decline that 
begins about in August reflects diminished recharge and depletion of 
storage, owing to underflow of ground water out of the fan toward 
the lowland.

The annual rise and fall of the water table in the Raft River valley 
is superimposed on longer rising and falling trends that span terms 
of years (figs. 14 and 15). The long-term trends represent cumula 
tive changes of storage corresponding to variations in precipitation 
and recharge, and to changes in ground-water pumping.

Water-level measurements in the Raft River basin, made early 
and late in several recent water years, are summarized in table 15. 
In some wells the net rise was 1 to 6 feet from 1948 to 1952, despite 
a rapid increase in pumpage for irrigation. During intervening years 
the water in several wells reached levels higher than in either 1948 
or 1952. Therefore, the aquifers were receiving normal or more than 
normal recharge. Evidently, the increase in pumpage from 1948 to 
1952, a period of ample precipitation and good water supply, did not 
appreciably deplete the amount of ground water in storage. During- 
1953 and 1954 the net decline in water levels was about 1 to 2.5 feet 
(figs. 15 and 16). However, in well llS-26E-26ccl, which is in the 
northern part of the Raft River valley, the water level did not change 
appreciably in 1953-54, but rose slightly in 1955-56. Despite the 
recent heavy increase in pumpage, several wells showed little net 
change of water levels in 1955-56 (fig. 15). For the present, at least,, 
there is no evidence that pumpage since 1947 has exceeded the average 
perennial recharge of the aquifers.
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TABLE 15. Spring and fall water levels in observation wells 

[Water levels in feet below land-surface datum. All wells are In Idaho except where otherwise indicated]

Year Spring Water level Fall Water level

10S-25E-10bal. Owner: Robert Simplot

1948- ______________________
1949__._..__. ______________
1950. .  _________.________
1951--. ____________________
1952_. _____________________
1953- ________________ ____
1954... ___ _ ______ __ ___
1955---___-__-_____. _______

Apr. 8 
Apr. 21 
Apr. 4

May 18 
May 14
May 18

164.5 
161. 1 
157.5

160.5 
161.6 
163.6

Sept. 17 
Sept. 28 
Sept. 8 
Aug. 28 
Oct. 19 
Sept. 27 
Sept. 17 
Sept. 20

153.4 
153.8 
154.7 
154.2 
154. 2 
154.6 
156.0 
156.9

Net change. _____ ___,__._ ___ ___ ___ _____ _________ _ _____ _  3. 5

HS-26E-26ccl. Owner: Robert Simplot

1948-_. ____________________
1949... ____________________
1950-_-_________.__________
1951---__-__-__----____--__
1952_______________________
1953. ______________________
1954_-_____. _______________
1955_______________________

May 19 
Apr. 26 
Apr. 4 
Apr. 18 
May 18 
May 13 
May 18

31. 8 
30. 8 
30.6 
30.2 
30. 1 
29.0 
29.3

Sept. 16 
Sept. 17 
Sept. 8 
Aug. 28 
Sept. 2 
Sept. 27 
Sept. 16 
Sept. 21

32. 2 
31.2 
30. 3 
30.2 
29.9 
29.4 
29.3 
29. 3

Net change _.__ ___ ____ _ _ _ _ _ ____ ___ ____________ _ __ +2. 9

13S-26E-24aal. Owner: John C. Hitt

1941_--.________-___ _ _.__
1942_ ____________ _ _______
1943... ____________________
1944---________________-_._
1945_____________._________
1946-_-__--_-___---___-_-_-
1947--____--_.__-_-___-_-__
1948.-. _ _ __________ _ _.
1949-. _____________________
1950_.. ____________________
1951---__-____ __ _________
1952. . _____________________
1953_ _____________________
1954---_______________-____
1955-_-____.__. ____________

Apr. 1

Apr. 5
Apr. 1
Apr. 1
Apr. 1
May 7
May 19
Apr. 22

Apr. 18
May 18
May 13
May 18

3.2

4.0
5.3
4.6
4. 1
3.08
2.07
3. 10
427
5.20
3. 56
498
8.21

Sept. 1

Sept. 23

Sept. 17
Sept. 2
Aug. 28
Sept. 2
Sept. 27
Sept. 17
Sept. 21

7.0

6.2

6. 19
5.57
496
5.74
5.48
8. 54
8.93

Net change - -1.93
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TABLE 15. Spring and fall water levels in obervation wells Continued

Year Spring Water level Fall Water level

13S-27E-30dbl. Owner: A. D. Pierce

1948---.---- _ -_---____._-
1949. ___-.- __ --_-._._.__.
1950-_--_--___-.-_--_._____
1951.. -..._.._._-_..__.. ___
1952. .__._..__--__--. ______
1953__. -.-_..._.__-___.__..
1954. _.___..__....____.____
1955. -_.-.._.._..__.__. _ _

May 7 
May 19 
Apr. 20 
Apr. 4 
Apr. 18 
May 18 
May 13 
May 18

6.91 
4.38 
5.88 
4.59 
4.28 
4. 48 

i 13. 63 
i 16. 10

Sept. 28 
Sept. 8 
Aug. 28 
Sept. 2 
Sept. 27 
Sept. 17 
Sept. 21

6.27 
7.32 
5.75 
5.78 

i 13. 74 
» 17. 80 
i 20. 68

14S-27E-33cal. Owner: Harold Oman

1948--------__----------___
1949___                _____
1950---___-_-_-_-_--___-___
1951-... .--__.-.-_-_..___. _
1952. _-_____.___._._.____._
1953.. ._..-_._-___._._____.
1954 ___._.. _ . _ __ _ ._
1955-_-.__-_-_. -...___.____

Apr. 19 
Apr. 4 
Apr. 18 
May 19 
Mar. 24 
May 18

16.9 
18. 3 
16. 5 
15.5 
19. 8 
22.0

Sept. 10 
Sept. 17 
Sept. 2 
Aug. 28 
Sept. 2 
Sept. 27 
Sept. 17 
Sept. 21

21. 6 
17. 8 
17. 7 
17. 3 
16.0 
18.0 
21.6 
22.5

Net change.... ______________________________ _.__ _.__ .-_.  .9

15S-25E-6abl (in Almo Basin). Owner: Jenny Wake

1948-----------------------
1949---.. --_-_-----_--..___
1950. _..--__._..-._... _____
1951. ....--.-_-_-_-_...__..
1952_. -_.--._.-_-_.___...-.
1953. _..__----_._.-._..__..
1954 .._.._.._____.____-__
1955.___-_._-___.__....____

May 19 
Apr. 22 
Apr. 4 
Apr. 18 
May 19 
May 15 
May 18

24.1 
28.4 
29.6 
26. 1
27.7 
32.3

(2)

Sept. 14 
Sept. 17 
Sept. 2 
Aug. 28 
Sept. 2 
Sept. 27 
Sept. 17 
Sept. 21

28.2 
24 6 
24.6 
17. 7 
20.2 
17.9 
30. 2 
32.6

Net change_______ ___________________ __-_ _ __ _ _________  44

16S-27E-26bal. Owner: Cook

1948--_----_--------__-___-
1949-___---________________
1960.__   ._   _   -   .   .
1951_--_--___. __-_-._______
1952... -______--____-_-_--.
1953. .-_-_----_-__--._-_--.
1954. -___--___-_--______-_-
1955.-. .._._.. ..-_... .__.._

May 7 
May 19 
Apr. 22 
Apr. 4 
Apr. 18 
May 19 
May 15 
May 18

(3) 
(3) 
(3) 

26.7 
29.8 

(3) 
(3) 
(3)

Sept. 24 
Sept. 17 
Sept. 2 
Aug. 28 
Sept. 2 
Sept. 27 
Sept. 17 
Sept. 21

14.9 
13.7 
10.9 
10.4 
11.3 
12.9 
24.3 
24 1

Net change__-_-______- __ ______ _______--__- _____ _______  9.2

See footnotes at end of table.
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TABLE 15. Spring and fall water levels in observation wells Continued

Year Spring Water level Fall Water level

(B-14-15) Sdddl, Utah.* Owner: M. A. Smith

1935 __ -__-____   ---__--_-
1936_-___-__   _---_.--_--__
1938. -___----   _----_-_ ....
1939. -_-__-_-___-_-___-  ..
1940.. ._._.____...._._.____
1941-_._._. .-_._._-_. ______
1942. _._._.._........._.___
1943... ____________________
1944. _________________ _ _.
1945. _______________ __ ___
1946. __ __ _________ _ .___
1947____________.__________
1948. _ _-____-_---_____---_.
1949. . ________-_-____--_-__
1950_ _.._.._____-__.__-_.__
1951_-_---_--_---_-------_-
1952______________-________
1953__ _____________________
1954_ ______________________
1955-_________________---__
1956____________-_-__._--__
1957__________. ____________

Aug. 16

Aug. 28
May 28

Apr. 14

48.3

46.5
28.8

51.8

Oct. 30
Oct. 9
Oct. 11
Sept. 28
Oct. 9
Oct. 8
Oct. 5
Sept. 25
Oct. 23
Oct. 25
Oct. 25
Oct. 28
Oct. 22
Oct. 18
Nov. 15
Oct. 31
Oct. 23
Nov. 5
Oct. 12
Nov. 1
Oct. 31
Oct. 16

50.8
51.2
49. 1
50.8
51.7
47.9
47. 8
48.3
49. 1
43.7
49.7
50.3
50.5
49.9
51. 2
48. 7
49.0
49.9
51.6
51.8
50.2
46.8

(B-13-17) dabl, Utah.* Owner: Lynn School District

1948. _-____-____-_---______
1949. __ ____ _ ____ _______
1950____________-.______-_-
1951___-__-_---_-_____---_-
1952. ______________________
1953. ___ _________________
1954. . _ _._ _ .-__.__-_-__
1955.____._. _..___.._.-__..
1956.______. ____-____-_--_.
1957_______. _______________

Oct. 22
Oct. 18
Nov. 15
Oct. 31
Oct. 23
Nov. 5
Oct. 12
Nov. 1
Oct. 31
Oct. 16

24. 1
21.4
23.4
22. 5
23.0
22.3
26.0
24.8
24. 5
24.6

(B-14-15) lice, Utah.* Owner: M. A. Smith

1936-_____-_____-_--._.---_
1938__________ ._-__._____-.
1939.____. ______-_____ _.._
1940. ________________ _ ...
1941. _________.._..___.____
1942_ ___.___.____.__._____.
1943__ ._____...._. __ _____
1944_____ __ ___-..-_.__.__
1945. ______________ _ _____
1946. ____ __ ___. _ -_---__
1947. _ _ __________________
1948-_____-._-----_. _______
1949. _______________ _ ____
1950__ _____________________
1951____. __-_.-_---____-__-
1952__ ____________ _ ______
1953. _____________ _ ______
1954__________. ._____..___.
1955. ___ _ . _ .--_-_______
1956_______ ____ __________
1957___. ___________________

Oct. 9
Oct. 11
Sept. 12
Oct. 9
Oct. 8
Oct. 5
Sept. 26
Oct. 23
Oct. 25
Oct. 25
Oct. 28
Oct. 22
Oct. 18
Nov. 15
Oct. 31
Oct. 23
Nov. 2
Oct. 12
Nov. 1
Oct. 31
Oct. 16

25.9
23. 3
23.5
26.7
17.8
20. 1
22.9
21.9
22.5
21. 1
24.0
23.8
22.4
22.9
23,9
24.2
24. 7
26.8
26.4
25.4
240
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TABLE 15. Spring arid fall water levels in observation wells Continued

Year Spring Water level Fall Water level

(B-15-14) 36add, Utah.4 Owner: H. Alberta

1936_______________________
1938. . _ .__._....__.._.._.
1939. _ __ ____ _ __________
1940_._ _ _________________
1941_______________ _______
1942. _______ _ _ _ ________
1943. ----_-__________._____
1944. _.__ __ ______________
1945. ________ __ __________
1946. _ ___ ______ ___ _ _ _
1947_--_. _________ _..__
1948-.- _ ____ _ _ __ _ _ _
1949. ____ _ ____ ____ _____
1950. ____________ ___ _____
1951_______. _______________
1952___.__ __________ __
1953-____. _________________

Oct. 9
Oct. 11
Sept. 23
Oct. 9
Oct. 8
Oct. 5
Sept. 26
Oct. 23
Oct. 25
Oct. 24
Oct. 28
Oct. 22
Oct. 18
Nov. 15
Oct. 31
Oct. 23
Nov. 5

5.5
4.6
8.7
5. 7
4.3
4.4
4. 1
4.0
3.9
3.9
4.0
4.1
4.2
3.9
4.0
4.7
4. 1

» Well being pumped.
2 Dry at 34 ft.
a Dry at 36 ft.
4 Well-numbering system different from that used in this report.

The net decline of water levels after 1952 in most wells listed in 
table 15 probably was caused partly by the greatly increased draft 
of irrigation wells, but pumping was not the principal cause. Where 
recharge is normal in successive years, water levels rise between pump 
ing seasons, although they may not rise to normal seasonal levels when 
pumpage is excessive. Progressive decline in both the high and low 
seasonal water levels generally is evidence of cumulative net reduction 
of storage and perhaps of overdraft; the yearly range of fluctuations 
also may increase with increased draft. Significantly, in the lowland 
of the Baft River valley water levels recovered but little between the 
1953 and 1954 pumping seasons. Decline was nearly continuous from 
May 1953 to November 1954. (See lower two hydrographs, fig. 15.) 
This fact indicates that the net decline of water levels was largely a 
result of deficient recharge in a period of declining precipitation. In 
the Almo Basin, where no ground water is pumped for irrigation, the 
net decline in 1948-55 was 4.4 feet, indicating that deficiency in re 
charge was an important factor. Near Lake Walcott (fig. 16) decline 
was progressive after 1952, although there was no heavy pumping 
near the wells represented.

Figure 18 illustrates water-level fluctuations in the central Snake 
River Plain far from the Raft River valley. Well 8S-24E-31dcl 
is in the midst of the heavily pumped area of the Minidoka North 
Side reclamation project. Well 2N-3lE-35dcl is many miles from
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FIGURE 18. Pydrographs of wells in the central Snake River Plain.

any heavy pumping. The graphs for both wells show declining water 
levels after 1952, just as in the Raft River valley.

Precipitation in 1953-54 was deficient at many places in southern 
Idaho and runoff and ground-water recharge were light. Runoff in 
Clear Creek in 1954 was little more than a third of the amount dis 
charged in 1952 (table 11). Local residents in the Raft River basin 
reported that in 1954 springs, seeps, and streams discharged the 
smallest amount of water observed in many years. That condition 
reportedly existed in both lowlands and uplands. As the lowland 
pumping could not affect upland streams and springs, the principal 
cause of lowered water levels was deficient recharge.

RECHARGE

Recharge is the process of adding water to a ground-water 
reservoir. Recharge is also used as a noun, meaning recharge water. 
The source of practically all recharge in the Raft River basin is 
precipitation, some of which percolates downward to the zone of 
saturation and becomes ground water. The proportion of avail 
able water that becomes recharge is controlled largely by the physical 
character and moisture content of the soil, and the amount and in 
tensity of precipitation. Recharge in the Raft River basin occurs 
principally by direct penetration of precipitation, infiltration from, 
streams, and infiltration of unconsumed irrigation water. Because 
runoff in the basin is small and because water interchanges rapidly
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between surface streams and ground-water bodies, it is not practical 
to segregate quantities of recharge by sources and processes.

The water-table contours on plate 5 indicate a water-table gradient 
away from the south side of Lake Walcott and toward the Northern 
Plains section. The lake loses an appreciable amount of water by 
leakage (Crosthwaite and Scott, 1956, p. 15), but the amount of under 
flow from the lake into the Northern Plains section is not known.

Estimated average yearly precipitation in the Eaft Eiver valley 
is 13.7 inches, and estimated average evapotranspiration rate (water 
loss) is 12.3 inches (table 5). The unconsumed water yield is 1.4 
inches, or 53,500 acre-feet from the whole valley. Probably at least 
half the yield roughly 27,000 acre-feet becomes direct recharge. 
The remainder runs off locally but practically all of it is recovered 
and diverted during the irrigation season. Most undiverted water 
in tributary streams sinks into the ground without reaching the Eaft 
River. Most unconsumed irrigation water also enters the ground. 
The total volume of ground-water recharge in the Eaft Eiver basin 
evidently is about equal to the water yield minus that part of consump 
tive use by crops which is not supplied directly by precipitation.

In upland areas of the Eaft Eiver valley and its tributary sub- 
basins undiverted runoff, especially at high-water stages, discharges 
from local drainageways onto alluvial fans, piedmont plains, and 
valley floors where most of the water enters the ground and recharges 
upland aquifers. Upland recharge replenishes the main ground- 
water bodies by underflow to the lowlands. On the other hand, the 
base flow of streams is effluent ground water, so it is unrealistic to 
attempt to make a sharp separation of ground water and surface 
water.

The estimated volume of precipitation on the entire Eaft Eiver 
basin is about 1,300,000 acre-feet yearly (table 5). About 1,100,000 
acre-feet (86 percent) is consumed by evapotranspiration, and the 
residual water yield of 180,000 acre-feet (14 percent) is surface 
runoff and ground-water recharge. Although runoff occurs locally 
and some streams have perennial reaches, very little runoff reaches 
the Snake Eiver, and most unconsumed water becomes recharge at 
some place above the mouth of the Eaft Eiver.

DISCHARGE

Ground water naturally discharges by evapotranspiration, seepage 
into stream courses, flow from springs, mid underflow. Wells are the 
chief means for artificial discharge. From a local standpoint, under 
flow out of an area is a draft on the water supply and, in effect, is a
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discharge process, although the water remains in a zone of saturation. 
Water in the zone of saturation moves down the water-table gradient 
toward areas of natural or artificial discharge. In a natural regimen 
the average yearly discharge during a long term of years equals the 
average recharge; that is, recharge and discharge are about in 
equilibrium.

Evapotranspiration. Water evaporates from open-water surfaces 
and the soil. Plant roots get water from the soil, from the capillary 
fringe above the water table, and directly from the zone of saturation. 
Plants store some water, but they exhale most of it to the atmosphere 
by a process called transpiration. The depth from which plant roots 
extract ground water ranges from a few inches for many grasses and 
field crops to tens of feet for some desert plants. Transpiration 
usually cannot be measured separately from evaporation, so the two 
processes commonly are referred to by the collective term "evapo- 
transpiration."

In the Raft River basin evapotranspiration is especially rapid in 
bottom lands adjacent to the Raft River, where the water table sea 
sonally is at or near the land surface and where native and cultivated 
water-loving vegetation abounds. Water-loving vegetation in some 
areas may consume on the average as much as 4 feet of water a year 
(Mower and Nace, 1957). The area occupied by such vegetation in the 
Raft River basin has not been measured, but undoubtedly it consumes 
a significant amount of water. Basinwide water consumption by 
water-loving plants is included in the estimates of evapotranspiration 
made earlier in this report.

Seepage into stream channels. Seeps and springs discharge much 
ground water into stream courses in the bottom lands of the Raft 
River basin, and this water constitutes the base flow of the perennial 
streams. Discharge by seepage is small per unit area but large in 
aggregate. Springs discharge a lesser volume of water. Springs 
occur along the headwaters of all the streams in the Raft River basin 
and at many places along the Raft River channel between The Nar 
rows and the Snake River. Inflow from springs and seeps generally 
is not directly identifiable, but along the lower 10 miles of the Raft 
River the amount probably is on the order of several thousand acre- 
feet a year.

Wells. Ground-water withdrawal through wells has increased 
greatly since 1948 and now takes a substantial cut from the total water 
supply. The withdrawals are summarized and their relation to water 
development discussed on page 79.

593525 61-
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Underflow. As surface discharge of water out of the basin is ex 
tremely small, the total volume of underflow out of the basin probably 
about equals the gross water yield minus consumptive use by irrigated 
crops. The proportions of underflow in unconfined and artesian 
aquifers are not known. An undetermined thickness of permeable 
basalt, interbedded sediments, and older sediments beneath the North 
ern Plains section is the conduit through which the water moves.

CHEMICAL QUALITY AND TEMPERATURE

The suitability of the water for irrigating the kinds of soils in the 
Raft River valley is a basic problem, because some of the lowland soils 
could be damaged by unsuitable water. Only a few chemical analyses 
have been made and all these are of ground water. The data are 
summarized in table 16.

TABLE 16. Chemical analyses of ground water from the Raft River valley

[Chemical constituents in parts per million. Analyses by Geological Survey and Idaho Department of
Public Health]

Well no...  __   . _ -..-.- -  .._

Silica (SiOj,)..... __ .... __ ..............

Sulfate (SOO        _ ..  _ ..
Chloride (Cl). ..-....  ..................
Fluoride(F).-_- ..........................

Boron (B)._  - ........................
Dissolved solids:

Hardness as CaCO3 : 
Total....- _ . ___ . ________ .

pH.................   .................

10S-25E-
lObal

»175
4-8-49

57

60
40
39

242
56
98

3.5
.02

460
.63

314
116
21

1.0
.00
780

11S-26E-
14abl

1157
6-9-49

54
54

59
11
49

151
26

105
.4
.3

379
.52

192
68
36

1.5
.00
658

13S-27E-
SObdl

i 28
6-25-47

49

.14
59
18

240
220
54

360
.1

618
84

221
41
70

7.0
.00

7.7

15S-26E-
23bbl

2 414
6-8-49

199
82

52
1.7
530

58
59

820
8.9

.05

1,580
2.2

136
89
90
20

.00
2,920

15S-26E-
23ddl

2540
6-9-49

211
Rd

125
3.3

1,070
45
64

1,800
6.0
1.0
.04

3,180
4.32

326
288
88
26

.00
6,010

1 Water-table well.
2 Artesian well.

The temperature of the water from wells ranges from 48° to 211° F 
(table 17). Where hot water is used for irrigation it is cooled in open 
retention ponds before it is applied to cropland.
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TABLE 17. Temperature of water from wells in the Raft River basin

Well

9S-27E-36adl..._   
10S-25E-10bal  ... ...
10S-26E-36dc2  . ... _.
10S-27E-2abl__ _ .....

2cbl      .
24cbl.  .....
26ddl.  .....

10S-28E-19cbl..._._.._
llS-26E-12abl-_.._ 

12cbl..  ....

13bbl  ._.-
14abl  . _ ..
35bcl  .   .

35ccl.    -

35dc2.........
118-27E-10aal .........

15bdl..  ....
35adl     
36adl.........

12S-26E-lbcl...  ....
led. ........ .
2bcl..  .....
25cd2     

12S-27E-19cal_  -.-
30dcl.    

13S-26E-ldbl   .  ..
ISbal... ......

13ba2... ......

14cal. ........
13S-27E-6ccl ..........

7CC1-. ........

7cc2..........

18cbl  ..  .
20cb3.........
29bcl  -.  ..

29dd2.........
29dd2  __ ..

Date of 
measurement

July 19,1960
Apr. 8, 1949
Aug. 28,1952
Aug. 18,1952
  -do... .....
July 19,1950
Aug. 15,1952
-  -do... .....
July 18,1950
Aug. 28,1952 
July 18,1950
Aug. 28,1952
  do..  
June 6, 1949
July 6, 1950
Aug. 16,1952

Aug. 16,1952 
... ..do........
 .do..  
Aug. 28,1952

  ..do..   

Aug. 29,1952
do

Aug. 7, 1948
... ..do.... ....
July 24,1950
Aug. 19,1952 
Aug. 7, 1948
July 27,1950

July 29,1948
Aug. 7, 1948
Aug. 29,1952 
Aug. 7, 1948
Aug. 29, 1952

Aug. 12,1948

Sept. 10, 1948
Aug. 21, 1952

Tempera 
ture (°F)

52
57
53
55
53
62
60
59
53
53 
53
53
53
54
57
56
53
58

55
52
55
56
70

53
55
60
53
51
54
62
52
53
54
CO

53

55
50
52
54 
52
54
49
51
50
52
49
50

Well

13S-27E-30bdl  .... .

30cal. ........
SOdal... ......
30dcl  -_. 
30ddl  .... .
Slbdl  ......
32bb2  __  .
32cbl     

32cb2  .... .,
33cbl... ......

14S-27E-6adl---__-
6bbl  ......

6dbl      
7acl. ...... ...

7ac2. .........
7adl  . ......

7ad3      

8acl  .... ...
8adl... .... ...
17cc5     .
18adl._ _ ....

28ccl. ........

29abl  »   
29bdl.........
29bd2   . ....
32acl.-_   

32ccl. ...... ..
15S-24E-13abl... ......

22adl... ......
15S-26E-23bbl  ......

23ddl... .... ..
24bal... ......

24bcl  .... .
24cdl... ......

15S-27E-7dbl..........
18acl..  ....

18bcl      .
18bdl. ........

16S-24E-12bdl... ......

Date of 
measurement

June 6, 1947
July 24,1950
Aug. 13,1948
June 26,1947
.  do    
July 27,1950
Aug. 20,1952
Sept. 10, 1948
Aug. 12,1948
Aug. 19,1952

Aug. 21,1952
Aug. 20, 1952
July 24,1950
Aug. 20, 1952
Aug. 19,1952
Sept. 11, 1948
Aug. 20,1952

Sept. 11, 1948
Aug. 20,1952
Sept. 11, 1948
Aug. 20,1952
Aug. 21,1952

Sept. 13, 1948
__ do-. .....
Aug. 21,1952
Sept. 10, 1948
Aug. 27,1952
Aug. 21,1952
_ ..do ........
.--do  
Sept. 13, 1948
Aug. 27,1952

July 31,1948
Aug. 8, 1948
July 30,1948
June 9, 1949
June 23,1950
Aug. 27,1952 
June 23,1950
Aug. 14,1948
Aug. 20,1952
Sept. 9,1948
Aug. 27,1952

June 26,1950
Aug. 3, 1948

Tempera 
ture (°F)

49
50
49
49
48
49
51
51
49
51 
51
51
52
49
50
51
48
49 
52
51
53
51
53
50
50
50
51
50
50
52
52
51
50
50
50 
48
50
85

198
211
111
107 
68
94
50
52
53
63
55
49

SUITABILITY OP WATER FOR IRRIGATION

Well 10S-25E-10bal, near the mouth of the Raft River Valley, ob 
tains unconfined water from the Snake River basalt. The water con 
tains no residual sodium carbonate (table 16). Classified with respect 
to percent sodium and dissolved solids (as electrical conductivity), 
the water is in the "good to permissible" class of Wilcox (1948). 
Classified according to the relation between the sodium-adsorption 
ratio (SAR) and electrical conductivity (U.S. Salinity Laboratory 
Staff, 1954), the water is in class C3-S1, which means that the salinity
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hazard (C3) is high and the sodium hazard (Si) is low.2 Water 
having a high salinity hazard is permissible where the soil is drained 
adequately and salt-tolerant crops are grown. Water having a low 
sodium hazard can be used safely on most soils, except possibly where 
sodium-sensitive crops are grown. The sampled water thus seems to 
be good irrigation water for certain soil conditions.

In the sample of unconfined water from well llS-26E-14abl, the 
relation of the sodium percentage to dissolved solids indicates "ex 
cellent to good" quality in the Wilcox classification. The SAR class 
is C2-S1. There is no residual sodium carbonate. The water is of 
good quality for irrigation under most conditions. The source of 
the water is similar to that of the preceding sample.

Well 13S-27E-30bdl taps unconfined water in Quaternary cobble 
gravel at shallow depth in an area where many irrigation wells draw 
water from a single aquifer. In terms of the sodium percentage and 
dissolved solids, the irrigation quality of the water is "permissible to 
doubtful." The SAR class is C3-S2 (alkaline). The water contains 
no residual sodium carbonate. This water would be unsuitable for 
poorly drained soil, and would be hazardous for fine-textured soil, 
especially where leaching action is poor.

The quality of the artesian water from well 15S-26E-23bbl is 
"doubtful to unsuitable" in terms of the sodium percentage and the 
dissolved solids. The SAR class is C4-S4; that is, the salinity and 
sodium hazards both are very high. There is no residual sodium 
carbonate. The water would be unsuitable for irrigation under ordi 
nary conditions because of the salinity hazard, which would require 
permeable, well-drained soil, considerable leaching, and salt-tolerant 
crops. Owing to the very high sodium hazard together with the 
high salinity hazard, the water is unsuitable for irrigation. The aqui 
fer probably is the Salt Lake( ?) formation, and the high temperature 
of the water indicates that part or all of the water comes from sub 
stantial depth. Comparatively few wells in the Raft River valley 
tap hot water or water of this class.

The artesian water from well 15S-26E-23ddl may be similar in 
origin to water in well 23bbl. The water is "unsuitable" in the so 
dium percentage-dissolved solids classification. The SAR class is 
C4-S4 (very high salinity and sodium hazards). There is no resid 
ual sodium carbonate. The water is unsuitable for irrigation.

Perhaps the most notable characteristic of the water samples as a 
group is the extreme range in chemical composition. The latter two

a The Wilcox and U.S. Salinity Laboratory classification systems were summarized in a 
report on the Mountain Home, Idaho project (Nace and others, 1957).
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samples noted above are conspicuous for their relatively high con 
centrations of dissolved solids and high temperature.

WATER DEVELOPMENT AND ITS EFFECTS

Present use of water and effects of this use on the water supply 
and water cycle are the basis from which future development will 
proceed. This section summarizes the history of developments and 
their status at the end of 1955.

OROUND-WATER PTJMPAGE

By s. w. FADEE and 'H. G. sisco

Pumpage of ground water in the Raft River valley was only about 
8,700 acre-feet in 1948 at the beginning of the recent period of rapid 
exploitation (table 18). By 1955 pumpage was 64,000 acre-feet, 
representing a sevenfold increase. Probably about 10,000 acre-feet of 
this ground water supplemented the supply for lands served chiefly 
with surface water. The residual 54,000 acre-feet was applied to 
25,000 acres or more which has no other source of water.

TABLE 18. Estimated yearly pumpage from irrigation wells in the Raft River
valley, 1948-55

Township 
(south)

9            
10          
10         
10          
11 ________ .....
11          .
11          
12          
12          
13         
13        
14            
15    -     .
15           
16          
16        

Total (rounded)..

Range 
(east)

27 
26 
27 
28 
26 
27 
28 
26 
27 
26 
27 
27 
26 
27 
24 
25

Number 
of wells i

1 
1-3 
1-4 
2-3 
2-12 
1-9 
0-1 
1-8 
0-6 
4-12 

16-26 
12-39 
4-7 
2-10 
2 
1

Pumpage (acre-feet per year)

1948

44 
0 
0 
0 

870 
470 

0 
44 
0 

380 
3,600 

900 
1,300 

840 
180 

73

8,700

1949

44 
0 
0 

510 
1,100 
1,400 

0 
41 
0 

440 
3,900 
1,600 
1,400 

800 
200 

73

11,500

1950

44 
0 

40 
700 

2,400

0 
190 

70 
250 

4,800 
2,500 
1,500 
1,000 

220 
73

13,800

1951

44 
0 

300 
640 

2,900 
1,300 

0 
1,800 

210 
340 

3,300 
2,200 
1,200 

790 
200 

73

15,300

1952

44 
260 
950 
620 

5,400 
2,800 

0 
2,200 

500 
490 

4,200 
3,000 
1,100 
1,100 

200 
73

22,900

1953

44 
360 

1,600 
1,040 
4,950 
2,900 

0 
2,850 

520 
520 

4,700 
3,100 

910 
1,800 

220 
73

25,600

1954

44 
700 

1,000 
900 

6,700 
5,000 
1,000 
5,900 
1,700 

750 
8,200 
8,200 
2,200 
4,200

73

46,500

1955

44 
1,800 
1,000 

900 
9,800 
8,800 
1,300 
6,701 
2,100 
2,300 
9,300 

11,500 
2,100 
6,400

73

64,000

i Number pumped in any one year, not total number present.

WATER DEPLETION AND NET WATER YIELD

The gross yearly rate of consumptive use of water on irrigated 
croplands in southern Idaho is commonly estimated to be about 2.2 
feet, of which 0.2 to 0.6 foot may be supplied directly by precipita 
tion, according to soil-moisture conditions in the spring and the 
distribution of rainfall during the growing season. Owing to the 
relatively high altitude, short growing season, and types of crops 
grown in the Raft River basin, the average consumptive use by crops
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probably is 2.0 feet (24 inches) in the Raft River valley and 1.8 feet 
(21.6 inches) in the Yost-Almo basin. On that basis crops on 35,000 
acres in the Raft River valley now use 70,000 acre-feet of water yearly, 
and on 8,000 acres in the Yost-Almo basin they use 14,400 acre-feet. 
The total is 84,400 acre-feet. The computations in table 5, however, 
have already allowed for some depletion in the irrigated areas by 
including these areas in the total areas of the subbasins and allowing 
for evapotranspiration at the average rate for land in the native state. 
The net water-yield figure is adjusted by allowing for additional 
evapotranspiration on irrigated land as shown below. The precipita 
tion, native-yield, and native-loss values used are estimates for the 
specific areas irrigated. Therefore, they differ slightly from the 
general values in table 5.

Additional demand for irrigation water in the Raft River 'basin

Raft River valley:
Total use of water on irrigated land_______    _   _   2. 0 ft 
Precipitation in irrigated area___________     11 in 
Native water yield_________________     .25 in

Native water loss________________________ 10. 75 in = . 89 ft

Additional demand for irrigation________      _      1.11 ft 
Total additional for 35,000 acres_______________ 38, 900 acre-feet 

Yost-Almo basin:
Total use of water on irrigated land___ _              1.8 ft 
Precipitation in irrigated area____________   15 in 
Native water yield__________________   _ . 9 in

Native water loss__________________  _  14.1 in = 1.18 ft

Additional demand for irrigation_______        _     .62 ft 
Total additional for 8,000 acres_________ _  __ 4,950 acre-feet 

Total additional demand for 43,000 acres in Raft 
River Valley and Yost-Almo basin (rounded)  44,000 acre-feet

Therefore, the apparent basinwide consumptive use of water is 
about 1,150,000 acre-feet yearly (1,105,000 computed in table 5 plus 
44,000 additional acre-feet derived above for irrigated lands). The 
estimated unconsumed residual water yield of the entire basin, there 
fore, was about 140,000 acre-feet yearly at the stage of development 
at the end of 1955. Development since 1955 has reduced that amount 
somewhat. Some water leaves the basin at the mouth of the Raft 
River and this probably could not be salvaged. However, the North 
ern Plains section gains some water by leakage from the south side of 
Lake Walcott, and this tends to offset the loss in the river.

In a later section of this report, the credibility of the estimated 
total water yield is tested by calculations based on the transmissibility 
of the aquifers that would have to transmit this amount. (See p. 96.)
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POTENTIAL DEVELOPMENT

Irrigation with surface water in the Kaft Kiver basin has reached 
the practical limit of development without surface storage. With 
the small amount of surface flow available, the ratio of cost to benefit 
for storage structures might be unfavorable. Nevertheless, good 
prices for farm products and a large amount of undeveloped land in 
the Raft River valley stimulated a strong demand for additional 
water in recent years. Much additional development is in prospect, 
and the uncommitted water supply available for additional irrigation 
is a critical factor in the economic future of the area.

The status of undeveloped land in the Raft River valley lowland 
is summarized in table 19. Exclusive of 43,000 acres of land esti 
mated to have been under irrigation in the basin in 1955, about 30,000 
acres of public land in the Raft River valley might be irrigated if 
desert-entry and homestead applications were allowed and proved up. 
The 158,000 acres of nonirrigated private land in the valley probably 
includes a large irrigable area. Some State-owned land, which is 
subject to sale, also could be irrigated. In addition to the land-entry 
applications shown in the table, 28 desert-entry applications have been 
disallowed because they apply to land that is part of an experimental 
halogeton weed-control area.

TABLE 19. Status of land in lowland of Raft River valley 1 

[Based on unpublished records of the Bureau of Land Management, Feb. 29,1956]

 n , , , , Status of land Area 
Federal land: (acres)

Vacant land in Bureau of Land Management range reseeding proj 
ect ; not open to homesteading or desert entry________________ 175, 000

Subject to homesteading or desert entry _______________________ 29, 970
Applications allowed____________________________ 12, 165
Applications pending field examination and report-- 14, 045 
Public-sale applications and land proposed for ex 

change for private tracts (action suspended pend 
ing examination and report) _____________-_-__-- 3, 760

Former Federal land, patented since 1949_._______-_-__--------__ 2, 960
State-owned land, subject to sale.________________________________ 19, 720
Private land, nonirrigated______-____________________-_____----__ 158, 400

Total. .______________________________ 386,050

i Tps. 9-16 S., Rs. 26-27 E., T. 13 S., R. 28 E., and western parts of Tps. 14-16 S., E. 28 E.

THE WATER BUDGET

The discharge of the Raft River at its mouth is very small and prob 
ably is less than 10,000 acre-feet per year. Thus, by far the larger 
share of water loss from the basin occurs by underflow. Surface dis 
charge occurs within the basin, and approximate estimates may be 
made of the surface- and ground-water components of some local
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water supplies, as was shown for the Yost-Almo Basin above The 
Narrows. From an overall or basinwide standpoint, however, there 
is a single water supply, and most of that supply is underground.

Estimates derived on earlier pages indicate that the gross water 
supply contributed to the basin by precipitation is about 1,290,000 acre- 
feet yearly. The consumptive-use draft by native land and vegetation 
is 1,105,000 acre-feet, and 44,000 additional acre-feet is consumed by 
crops. The discharge at the mouth of the Raft River probably is near 
the irreducible minimum but it is compensated at least partly by leak 
age from Lake Walcott into the Northern Plains section. The residual 
unconsumed water yield of the basin is estimated to be 140,000 acre- 
feet yearly. That supply includes diverted and pumped irrigation 
water that is not consumed but returns to ground-water storage. The 
recoverable and usable part of the uncommitted water yield is the limit 
ing factor in further development of the native water supply. Pump 
ing of 208,300 acre-feet in the 8-year period 1948-55 (an average of 
26,000 acre-feet per year), during which yearly pumpage increased 
tenfold, seems not to have caused any appreciable net decrease in 
ground-water storage. Most of the pumped water would have escaped 
by underflow had it not been pumped.

FACTORS THAT WOULD LIMIT WATER 
DEVELOPMENT

Factors that would limit further development and use of water 
in the Raft River basin are availability and cost of power for pump 
ing, chemical suitability of water for use on soils in that area, topo 
graphic suitability of land for irrigation, and amount of suitable 
water that could be recovered.

Diesel and gasoline engines are sources of power for pumping at 
some places, but most pumping of ground water in Idaho is done with 
electric power. All pending applications for land entry that require 
a showing of water would depend on electric power (Idaho State 
supervisor, U.S. Bur. Land Management, oral communication, June 1, 
1956). Existing power-transmission lines already were loaded 
about to capacity in 1955, and expenditure of about 2.5 million dollars 
would be necessary to accommodate a greatly increased powerload 
(manager, Raft River Electric Cooperative, oral communication, 
April 1956). Study of the power situation and other nonhydrologic 
factors is beyond the scope of this report.

No detailed soil- and land-classification studies have been made 
in the Raft River valley, but a large part of the land listed in table 
19 undoubtedly is unsuitable for irrigation because of poor soil, rough 
topography, poor aquifers, and other factors. If only 100,000 acres
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is irrigable, the additional consumptive-use demand would be about 
110,000 acre-feet, exclusive of that satisfied directly by precipitation. 
The gross diversion demand would be 200,000 to 300,000 acre-feet, or 
far more than the estimated supply of unconsumed and uncommitted 
water in 1955. Because much of the pumped water would not be con 
sumed and could be reused, the net consumptive-use demand would be 
much less than 200,000 acre-feet.

Schemes for construction of dams and storage of surface water in 
the Kaf t Kiver basin have been discussed repeatedly, but none has been 
adopted by the landowners. Only small water supplies could be made 
available by storage. Water might be imported from the Snake 
River, but no plan has been proposed. The amount of water avail 
able in the Eaft River basin, or imported thereto, will be the final 
limiting factor in agricultural development, because the amount of 
arable land far exceeds that which could be served with the recover 
able native water supply. Hydrologic factors that would limit 
utilization of the supply are ability of the aquifers to yield water 
to wells, amount of water that wells or other structures can intercept, 
effect of pumping on water rights within and downstream from the 
basin, and suitability of the water for irrigation.

ABILITY OF AQUIFERS TO YIELD WATER

By J. w. STEW ART and s. w. FADEB

The'yield from a well depends on the hydraulic properties of the 
aquifer and on the constructional characteristics of the well. The 
principal hydraulic properties of aquifers are expressed mathemati 
cally as the specific yield, the coefficient of storage, and the coefficients 
of permeability and transmissibility. The performance of a well is 
sometimes expressed in terms of specific capacity.

In this context, the specific yield of an aquifer is the volume per 
centage of water that will drain by gravity from saturated sediments. 
In unconfined aquifers it is practically equal to the coefficient of 
storage. The coefficient of storage of an aquifer is the amount of 
water it releases from or takes into storage per unit surface area 
of the aquifer per unit change in the component of head normal to 
that surface.

The standard coefficient of permeability (Pm ) used by the Geo 
logical Survey is the rate of flow of water, in gallons per day, 
through a cross-sectional area of 1 square foot of an aquifer, under 
a hydraulic gradient of 100 percent, at a temperature of 60°F. The 
field coefficient of permeability (Pf) is the same except that it is 
measured under prevailing conditions, particularly as to temperature 
of the water. Either coefficient can be expressed in terms of flow
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through a section 1 foot thick and 1 mile wide under a hydraulic 
gradient of 1 foot per mile.

The coefficient of transmissibility is a useful expression of the total 
capacity of a formation to transmit water under a given gradient. 
The coefficient of transmissibility is the rate of flow of water, in 
gallons per day, under prevailing conditions, through a vertical strip 
of the aquifer 1 foot wide (measured at right angles to the direction 
of flow), extending the full saturated thickness of the aquifer, under 
a hydraulic gradient of 100 percent; it is the average field coefficient 
of permeability multiplied by the thickness of the aquifer, in feet.

The specific capacity of a well is the quantity of water yielded by the 
well, in gallons per minute per foot of drawdown. The term is cor 
rectly applied only to wells in which the drawdown varies approxi 
mately in proportion to the yield. To compare wells, their average 
yield during a uniform period, divided by the drawdown at the end 
of that period, is taken as the specific capacity. Uniformly compa 
rable data are not available for wells in the Raft River valley so the 
specific capacities shown in table 20 are only indicative and only 
roughly comparable.

TABLE 20. Specific capacities of some irrigation wells in the Raft River valley

Well

10S-27E-2cbl  -_--___.______
26ddl__ ___ _ __ __
35acl_ _ _ .....

10S-28E-19cbl___ _____________

lOddl _ ____ ___ ____
12cbl._________ _ ___
13bbl _ __ __ _______

25ccl__ __ ______ _ _
26dcl.____ __ _______

HS-27E-3dal
lOaal _ _ _ _ _ _
12dd2 __ _ ___ _

28ccl
28cdl
31ddl
32adl ___ __ ____

12S  26E  Ibbl
lccl_ __ __ ______
2bc2
llbbl
llbdl
llccl
12cc2__ __ __ _

Reported 
average 

pumping rate 
(gpm)

1,260
1, 100

900
1,350

990
3, 125
2,380
1,080
2,700
1,080

900
1,800
2,500
2,500
2,160

540
1, 125
1, 350
1,500
1,800
1,300
1, 620
1,800

117
630

1,530
1,440
1,440
1.080

Reported 
drawdown of 
water level 

(feet)

50
35
70
30
26
55
17
30
40

100
100

30
35

8
81
55
45
30
50
86
25
22
40

120
32
44

105
40
70

Specific 
capacity 

(gpm per foot) 
(C)

125
31
13
45
38
56

140
36
67
10

9
60
71

312
26
10
25
45
30
21
52
73
45

1
19
34
14
36
15

Duration of
test (hours)

Several

3
24
24
72
72
72
72
72
72

Several
Several

72
Several
Several
Several1A
Several

2
4

72
72
17
10

5
Several

See footnote at end of table.
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TABLE 20. Specific capacities of some irrigation wells in the Raft River valley Con.

Well

12S-27E-19cal __ ..___...____
30dc2__. ____.___.._..
31bbl___________-____

13S-26E-13cal___ _______ .
22cbl.._____ ________ _
24aal__. _._.____._._.

13S-27E-7adl  ______________
18dbl _ _____________

13S-27E-19ddl  _____________
32cb2________________

14S-27E-4cdl______________._.
7adl__._. .___ .______
7dcl_________________
8acl_ ___ ______ _
8cbl_________________
16cdl________________
16ddl  _____________
17bal________________
I7bd2________________
18ddl________________
20bal_.___. __________
20cdl________________
32bdl _ _____________

15S-26E-27dcl________________
33bbl-_, ____________
34bbl __ ____________

15S-27E-6abl__.______________
6adl____________.____
7dbl________.________
8obl__  _________ _ __
19ccl__._____________

Reported 
average 

pumping rate 
(gpm)

1,305
800

1, 125
130

1,800
763
900

1, 170
1,290

540
2,250

265
1,080

405
990
900

1, 125
900
630

2, 500
450
900
720

1,230
585

1,200
1,800
2, 250
1, 120
1,260

810

Reported 
drawdown of 
water level 

(feet)

13.7
66
30
13

100
13. 1
34
17
17
50

111
5.7

20
45
74
50
90
62
82
62
60
86
49
42
86
90
60
60
69
70
78

Specific 
capacity 

(gpm per foot) 
(CO

95
12
37
10
18
58
26
69
76
11
20
46
54

9
13
18
12
14
8

40
7

10
14
29

7
13
30
38
16
18
10

Duration of 
test (hours) 

W

120
Several
Several

72
Several

1
2

15
15
72
24

20
10

Several
Several

6
12

7
Several

8

8
24
24

Several
5

24

' If the reported drawdown is correct, the specific capacity was 21.6 during the pumping test on September 
4-5,1957, when the pumping rate averaged 1,080 gpm during 22 hours.

PRINCIPLES OF AQUIFER TESTS

Direct information about the hydraulic properties of water-bearing 
materials in the Raft River Valley is limited to the data from two 
tests, made by observing water-level fluctuations during pumping 
from wells. The results of these tests were analyzed by means of the 
nonequilibrium formula (Theis, 1935), the generalized graphical 
method (Cooper and Jacob, 1946, p. 527-528), and the recovery 
method (Theis, 1935). The recovery method permits computation of 
the coefficient of transmissibility from observations of the rate of 
water-level recovery in a well after the pump is shut down. Several 
methods of solving the nonequilibrium formula were used in ana 
lyzing the test data because each method has certain advantages, and 
each serves as a general check on the other. Methods for analyzing 
aquifer tests have been summarized by Brown (1953) and Ferris 
(1945).
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TEST OF DUNN IRRIGATION WEUL

An aquifer test was made with well 10S-27E-2cbl on September 
4-5, 1952. The well was pumped for 22 hours at an average rate of 
about 1,080 gpm. The well reportedly is 299 feet deep and is com 
pletely cased with 18-inch steel casing, but the location, size, and 
number of perforations in the well casing are not known. The open 
bottom presumably is in sand. During the test, an automatic water- 
stage recorder was operated on observation well 10S-27E-3dal, 300 
feet west of the pumped well. The coefficients of transmissibility and 
storage were computed by the type-curve method. Water-level 
fluctuations in the observation well are shown in figure 19.

The values of observed drawdown, s, plotted against corresponding
r2

values of   > are shown in figure 20 (r, distance from pumped well to 
r

observation well, in feet; t, number of days that well was pumped). 
Superposing this series of points on the type curve, a match point

z 1.0

2.0

^Pump started

Pump stopped

400 800 1200 1600

TIME, IN MINUTES SINCE PUMPING BEGAN

2000 2400

FIGURE 19. .Fluctuations of water level in well 10S-27E-3dal, caused by pumping well 
10S-27E-2cbl at an average rate of 1,080 gpm 'September 4-<5, 1952.
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Type curve

Match point-

(U)= 1.0 
u= 0.1 
s= 0.7 
f*= 3.7 x 10 s 

T= 150,000 gpd per ft 
S= 0.061

114.6 0 W(v)

<f "Observed drawdown

10 s

;Square feet per day)

FIGURE 20. Drawdown of water level In observation well 10S-27E-3dal, September 4-5,1952 (type-curve
metbod).

was selected having the following coordinates (u= '  , ; W (u), 

is well function of u, obtained from reference tables):
Type curve

u=0.1

Observed data

j=3.2X106 

s=0.8

Substituting these values in appropriate equations, the coefficients of 
transmissibility (T) and storage ($) were computed as 154,000 gpd 
per square foot and 0.026, respectively.

TEST OF MALTA IjAND ANI> IRRIGATION CO. WEUO

Another aquifer test was made by pumping irrigation well 14S- 
27E-7adl for 24 hours on October 17-18, 1952. The average pumping 
rate was 270 gpm. Three nearby wells (7ad2, 7ad3, and 7ac2) were 
used as observation wells during the test; the wells are 81, 161, and
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280 feet, respectively, from the pumped well. Wells 7adl, 7ad2, and 
7ad3 are dug, about 30 feet deep, and finished with 48-inch perforated 
concrete casing. Well 7ac2 is drilled, about 63 feet deep, and is eased 
completely with 18-inch casing. The location, size, and number of 
perforations in the wells are not known.

From drillers' logs for other wells in the vicinity, it is inferred that 
at this well site there is about 3 feet of soil underlain by 28 feet of 
coarse gravel. About 2 feet of relatively impermeable clayey and silty 
material underlies the gravel. An underlying zone of sand and gravel 
extends from a depth of about 33 feet to at least 68 feet.

The drawdown and recovery of water levels in observation wells 
7ad2, 7ad3, and 7ac2 are shown in figure 21. Figures 22, 23, and 24 
are logarithmic graphs of drawdown in the wells. The coeffi 
cients of transmissibility and storage were obtained by the 
type-curve method as outlined for well 10S-27E-3dal. Based on 
observed data in the three observation wells, the computed value for 
T is 180,000 gpd per foot from well 7ad2, 200,000 from well 7ad3, 
and 170,000 from well 7ac2.

Figure 25 is a distance-drawdown graph showing drawndown in 
the observation wells after pumping irrigation well 7adl for 24 hours. 
The value of As over one logarithmic cycle is 0.8 feet; r is 590 feet 
at the intercept, s=0. From standard formulas the coefficients of 
transmissibility and storage are 180,000 gpd per foot and 0.16, 
respectively.

400 800 1200 1600 2000 2400 
TIME, IN MINUTES SINCE PUMPING BEGAN

2800 3200

FIGURE 21. iDrawdown and recovery of water levels in wells l!4S-27I3-7ad2t, 7ad3, and 
7ac2, caused by pumping 7adl at an average rate of 272 gpm, October 16-19, 1952.
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l.o

0.1

' "ype curve

Match point-

o-r- Observed d -awdown

0.01

W(uj=. 0.1 
u=Q.l 
s= 0.17 

f=.8 X 104 

T= 180,000 gpd per ft 
S=0.11

S=
1.87r2//

10" 10s JO6

f 2 (Square feet per day)

FIGURE 22, drawdown of water level in observation well 14S-27E-7ad2, October 16-19,
1952.

1.0

Match point-^

W(u)= 1.0
         u=0.1     

s=0.157
f2=8.9x!04

T= 200.000 gpd c
S=X).12

s 
S uT

1.87/-2//

^V ^Observed draw

\\

\^   Type cur
\  X

erft N °

down

ve

,0

 

0.01io IO5 IO6 

r2 (Square feet per day)

FIGURE 23.; Drawdown of water level In observation well 14&-27B-7adS, October 16-18,
1952.
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1.0,                 

Type curve

Match point ^^^

  Observed drawdown

0.01

W(u)= 1.0 
u= 0.1 
s = 0.185 

7 = 6.2x10" 

T= 170,000 gpd per ft 
S= 0.15

S=- uT
1.87 r 2 /t

105 10
7 (Square feet per day)

10'

FIGUEB 24.   :Drawdown of water level in observation well WS^-27Bi-7ac2, October 16-18,
1952,
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S
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/
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r   
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59()

20 50 100 500 1000
DISTANCE OF OBSERVATION WELLS FROM PUMPED WELL, IN FEET

FIGURE 25. Distance-drawdown graph for observation wella during test of well 14S 27B-
7adl, October 17-18, 1952.
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T= 2640

0.1

0.2

0.3

0.4

t /TIME SINCE DISCHARGE STARTED. IN MINUTES\ 
/' " UIME SINCE DISCHARGE STOPPED. IN MINUTES/

FIGURE 26. Recovery of water level in well 14S*-27E-7adl, October 18-19, 1952.

The recovery method was used to determine the coefficient of trans- 
missibility of the water-bearing material in the vicinity of pumped well

7adl. Figure 26 is a plot of -, (time since pumping started divided
u

by time since pumping stopped) against corresponding values of the 
residual drawdown. The value, of the ^-intercept over one logarith 
mic cycle is 0.39 feet. The computed value of T is 180,000 gpd per 
foot.

SUMMARY OF AQUIFER TESTS

The tests of gravel and sand aquifers at two localities in the Raft 
River valley yielded the data summarized in table 21. The test of 
well 14S-27E-7adl indicates a coefficient of transmissibility in that 
vicinity of about 180,000 gpd per foot and a storage coefficient of 
about 0.12. The test of well 10S-27E-2cbl indicates a coefficient of 
transmissibility of about 180,000 gpd per foot and a coefficient of 
storage of about 0.025.

The low storage coefficient indicated for the aquifer by observations 
at well 10S-27E-3dal probably reflects the presence of water-bearing 
basalt in the upper part of the zone of saturation. The basalt, al 
though very permeable, is low in average porosity and storage capac 
ity. The main aquifer tapped by the well is not known, but much 
of the water probably is under slight artesian pressure in fine-grained 
sand.

593525 61-
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TABLE 21. Computed hydraulic coefficients of aquifers in the Raft River valley

Pumped well

10S-27E-2cbl... ..........

14S-27E-7adl ............

Observation well

10S-27E-3dal .---.  

7ad2lIIII   
7ad3-....   

14S-27E 7ac2       
7ad2_ --.-.. ]
7ad3....    >
7ae2,       J

Method of calculation

Recovery.-.-.       

__ do.. _____ ... . 
   dO                    

Coefficient 
of transmis- 
sibility (t) 
(gpd per 

foot)

180,000
180,000 
180,000
200,000
170,000

180,000

180,000

Coefficient 
of storage (»)

0.025
.12 
.112
.119
.146

.156

0.097

EVALUATION OF TESTS AND AQUIFERS

By E. L. NACE

The hydraulic coefficients calculated from the two sets of aquifer 
tests represent only a minute part of the aquifers in the Eaft Eiver 
valley. On the very liberal assumption that the effects of pumping 
each well extended to a radial distance of 1,000 feet from the well, 
the tests of the two wells represent the response of less than one- 
eighth of a square mile of the aquifer. The lowland aquifers under 
lie several hundred square miles of the valley, so the pumping tests 
did not adequately sample the aquifer characteristics. Nevertheless, 
from general geologic knowledge of the valley, and from the logs 
and other records of many wells, the author believes that aquifer 
characteristics in much of the central valley resemble those in the 
vicinity of well 14S-27E-7adl, the Malta Land and Irrigation Co. 
well. The Dunn irrigation well is in the basalt area of the Northern 
Plains section and the aquifers there do not represent the Eaft Eiver 
valley generally. The well logs (p. 111-121) illustrate similarity of 
the geologic materials in areas where wells have been drilled.

The specific capacity of the Malta Land and Irrigation Co. well 
is 46 gpm per foot of drawdown, or about the average for wells 
listed in table 20. Wells in that vicinity tap water to depths of a 
few tens of feet in permeable sand and gravel, but there are inter 
calated layers of poorly permeable silt and silty clay. Similar beds 
occur below the bottoms of the wells. Some well logs in that vicinity 
show gravel and interbedded silt, clay, and sand to depths of several 
hundred feet. These facts raise a question whether the aquifer tests 
and calculated hydraulic coefficients are representative of the entire 
thickness of the aquifer.

The hydraulic computations are necessarily based on assumptions 
that the aquifer is perfectly uniform in its properties, vertically and 
horizontally, and that it is limitless in extent. Nevertheless, field
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observations show that the aquifers are far from uniform and certainly 
are not limitless. Unless the idealized calculations and the actual 
conditions are reconciled, the calculations from pumping tests can 
be misleading. The author believes that the tests represent the re 
sponse of about the upper 200 feet of the aquifer. Poorly permeable 
beds beneath the bottoms of the wells prevent free communication of 
water in lower levels of the aquifer with the levels tapped by the wells. 
Since depth of freely communicating aquifer is an important factor in 
transmissibility, the calculated coefficients are evidently too low. Pro 
longed pumping would yield data for computing more nearly correct 
coefficients.

A method is available for computing approximate coefficients of 
transmissibility on the basis of specific capacities of wells where the 
geology is sufficiently well known to permit a reasonably accurate 
estimate of the coefficient of storage. The method is described by Theis 
and others (1954).

The solution is obtained in three steps: computation of the specific 
capacity of a well and estimation of the storage coefficient of the 
aquifer; arithmetic solution of a formula reduced to very simple 
terms, to obtain a tentative estimate (Tf ) of transmissibility; use of a 
carefully constructed rectangular chart, having values of Tf on the 
abscissa and specific capacity on the ordinate, to derive an adjusted 
estimated value of T. The method is useful for approximating the 
general magnitude of transmissibility.

To check the validity of the method for application in the Raft 
Eiver valley, it was applied to the Dunn well and the Malta Land and 
Irrigation Co. well, for which values of T already are available from 
pumping tests (table 21). The formula used was the following:

7" = #(1±0.3) (£-264 log 5#+2641og£) 
Where

T'= tentative value for transmissibility, in gallons per day per 
foot

C= specific capacity, in gallons per minute per foot of drawdown
8= coefficient of storage
t= duration of pumping test, in hours
&=a constant, read from a table of values, computed for values 

of r' (T' is the radius of the pumped well; in this case,, 
it is used in place of r, "distance of pumped well from 
observation well," because the pumped well is also tha 
observation well).

The factor of (1±0.3) allows for upward adjustment of T' for a 
small or poorly developed well, or downward adjustment for a large 
or well-developed well.

593525 61   8
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Substituting observed values of <7, £, and S for the Dunn well 
(listed in tables 20 and 21), and a computed value of k (Theis and 
others, 1954, p. 3), we have

T'=25(1 ±0.3) [1600-(264 log 5X0.026)+264 log 3]
T'= 56,000
T =55,000 (from chart)

Assuming that the reported drawdown of 50 feet in the Dunn well is 
correct, a somewhat different set of values can be substituted in the 
formula, using the pumping rate during the pumping test. At 1,080 
gpm the specific capacity would be 21.6 gpm per foot. The duration 
of the pumping test was 22 hours. The derived adjusted value of T 
is 61,000 gpd per foot.

A similar computation was made for the Malta Land and Irrigation 
Co. well, using the values of <7, £, and S shown in tables 20 and 21 
(0.16 was chosen for $), and a value of 1,000 for k. The adjusted 
computed value of T is 80,000 gpd per foot.

These values are in the same general range and, as approximations, 
they are mutually in agreement. They are only about one-third the 
values computed from the pumping test, but are of the same order of 
magnitude, which is all that is claimed for the method. It is impor 
tant to note that the specific capacity is an important function in the 
equation. If there is much loss of pressure head between the aquifer 
and the inside of the well, the drawdown in the well will be excessive, 
the calculated value for G will be too small, and the resultant value 
for T will be too small. Calculations from the pumping-test data 
were not subject to the same error because drawdown was measured 
in an observation well, not the pumped well. The low value obtained 
by the Theis approximation method is an indication of excessive loss 
of pressure head in the Dunn well.

The G. S. Matthews well (llS-26E-12cbl) was chosen as an ex 
ample for applying the approximation method to a well having a high 
specific capacity, which is presumptive evidence of reasonably good 
well construction. The coefficient of storage at that location is not 
known, so an estimated value of 0.15 was used. The calculation (a 
value of 1,350 was used for k) , gave an unadjusted value of 260,000 gpd 
per foot for T''. According to whether an adjustment factor of 1.3 or 
0.7 is used, the value of T' is 180,000 or 340,000 gpd per foot. The same 
method was applied to well 11S-27E lOaal, whose specific capacity is 
310 gpm per foot. Assuming a storage coefficient of 0.2, and using 
a k value of 1,524, the unadjusted value of T' is 520,000.

Table 20 and plate 6 show that wells having very low specific capac 
ities and low yields do not form any detectably systematic geographic 
pattern. Plate 6 shows that good wells are surrounded by poor ones
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at some places, and at others the reverse is true. At least some well 
groups have about the same depth and tap the same aquifers. This 
fact itself suggests that some wells having poor yields are not properly 
constructed. A well having a high yield and high specific capacity 
could not be surrounded by a poor aquifer because the well depends 
on the aquifer to transmit water to it. Of the wells listed in table 20, 
34 that have moderate to large yields and seem to be representative 
have an average yield of 1,630 gpm, an average specific capacity of 
54 gpm per foot, and an average pumping-test time of 26 hours. By 
use of an assumed storage coefficient of 0.15 and an average well 
diameter of 15 inches, the Theis approximation method gives an 
average unadjusted value of T' as follows :

Tf =54 [1,500- (264 log 0.75) +264 log 26] 
= 54(1,500+33 + 374) 
= 100,000 gpd per foot

Several other methods for approximating the coefficient of trans- 
missibility were applied to wells in the Raft River valley. All methods 
point to a range of T values from about 50,000 to more than 500,000 
gpd per foot. Application of all the methods is limited by the 
following: (a) Excessive loss of pressure head in a poorly constructed 
well vitiates the result, and (b) presence of a bed or beds of lower 
permeability below a well but within the aquifer limits applicability 
of the T value to beds actually penetrated by the well. In conclusion, 
a value of about 200,000 gpd per foot probably may be assumed for the 
central part of the Raft River valley, but this value represents only 
about the upper 200 feet of the aquifers.

Relation of coefficients of transmissibility to estimated water 
yield.   It was estimated earlier that the unconsumed water yield of 
the entire basin is about 140,000 acre-feet yearly, and that most of this 
water leaves the basin by underflow through the valley northward to 
the Snake River Plain. For a general check on the validity of the 
estimated water yield, it is desirable to assess the ability of aquifers 
in the Raft River basin to transmit the estimated amount of water. 
This may be done by the simple formula

Q = quantity of water, in gallons per day 
T = transmissibility, in gallons per day per foot 
/ = gradient of the water table, in feet per mile 
W   cross-sectional width of the valley, in miles

No calculation can be made for the Northern Plains section because 
the transmissibility of its aquifers is not known and cannot be es-
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timated. However, an east-west cross section about 3 miles north, of 
Idahome is suitable for application of the above formula. The es 
timated aquifer width is about 12 miles, and the water-table gradient 
at that location was about 20 feet per mile. Less than 140,000 acre- 
feet of water moved through that section in 1955 because it lacked 
components from the Northern Plains section (1,200 acre-feet), the 
Heglar Creek basin (9,000 acre-feet), and the northern part of the 
Raft River valley (probably about 6,000 acre-feet). Some depletion 
from irigation also had occurred. In round numbers, about 120,000 
acre-feet of water would have to move through the section north of 
Idahome.

Using the estimated coefficient of transmissibility (200,000 gpd) in 
the equation:

#=200,000X20X12 
=48,000,000 gpd

Since 1,000,000 gpd. = 3.07 acre-feet per day, the transmission capa 
bility of the alluvial aquifer seems to be about 148 acre-feet day (54,000 
acre-feet per year) or less than half the volume of water estimated to 
be in transit through that part of the valley.

We saw in the preceding section that the estimated coefficient of 
transmissibility of 200,000 gpd applies largely to the alluvial aquifer. 
Owing to the presence of less permeable beds between the alluvial 
aquifer and underlying aquifers, the capability of those aquifers to 
transmit water would not be shown by an aquifer test unless the test 
were carried on for an extended time, or unless the well tapped the 
entire water-bearing section. If the coefficient of transmissibility of 
200,000 gpd per foot represents 200 feet of alluvial sand and gravel, 
then the coefficient of permeability of these beds averages 1,000 gpd 
per square foot, which is within the known range for such materials.

The underlying beds Salt Lake (?) formation and Raft lake beds  
are more than 1,200 feet thick, as shown by the log of the Taylor Bros. 
well (13S-26E-ldbl), which is 1,400 feet deep. If these beds have 
coefficients of permeability averaging only 100 gpd per square foot, the 
coefficient of transmissibility for a 1,200-foot thickness is 120,000. No 
information is available about hydraulic gradients in the deeper 
aquifers, at least some of which are artesian. However, aquifers 
beneath the Raft River valley probably have an aggregate transmissi 
bility which is sufficient to accommodate the estimated amount of water 
in transit through the valley.

YIELD FROM WELLS

Yields from irrigation wells in the Raft River valley range between 
0.2 and 6.9 cfs (about 90 to about 3,125 gpm), comparing favorably
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with those from irrigation wells in sedimentary aquifers in other parts 
of southern Idaho. Generally, wells in the Eaf t Eiver valley that yield 
less than 0.35 cfs (about 150 gpm) are not successful for irrigation be 
cause they can serve only small tracts of land and the unit cost of 
pumping water is relatively high. Less than 0.5 cfs (about 225 gpm) 
is considered to be a poor yield. In general, irrigation wells in this 
area are economical when 1 well will serve 40 acres or more. Very 
large yields, however, are not necessarily desirable, because extensive 
water-distribution works are expensive in some circumstances and the 
loss of water in transit may be high.

If a minimum pumping requirement of 2.5 acre-feet of water per 
acre and a 100-day irrigation season were assumed, a well would have 
to produce 0.5 cfs continuously to serve a 40-acre tract, and, round-the- 
clock irrigation would be required unless storage were provided for 
water pumped at night. A yield of about 2 cfs (about 900 gpm) is 
good under most circumstances, and yields of 5 to 10 cfs from single 
wells are successfully used in southern Idaho.

Wells having moderate capacities (as much as 2 cfs) are widely 
distributed in those parts of the Eaft Kiver valley where ground- 
water supplies have been developed. (See pi. 6). Copious producers 
occur in a belt near the river from a few miles south of Malta to the 
vicinity of Idahome, but the generally highest yields are from wells 
north of Idahome. Most of the irrigation wells are within 2 miles of 
the river and many are within 1 mile. Thus, much of the area in which 
undeveloped land is available has not been explored by drilling.

The complex geologic history of the area in comparatively recent 
time, especially during deposition of the water-bearing alluvium and 
older sediments, and the wide variance in the occurrence and water 
bearing properties of the formations make it unlikely that ground- 
water conditions in outlying areas uniformly resemble those near the 
river. Although the alluvium may thicken toward the margins of the 
valley, it rises in altitude also and the water-bearing part may be thin. 
At some places wells would reach less permeable underlying beds of the 
Salt Lake( ?) formation or Eaft lake beds without having developed 
an adequate supply of water in the alluvium. Often it is difficult to 
develop an adequate volume of water from the underlying beds by the 
well-construction methods ordinarily used in this area. The prospects 
for satisfactory yields from these beds, therefore, are less favorable 
than from the alluvium, and, deep drilling might be necessary. Also, 
the chance of striking warm water of poor chemical quality increases 
with increased depth.

Because the Quaternary alluvium in the Eaft Eiver valley was 
derived from many sources and deposited under varying conditions
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of time and place, it varies widely in its water-bearing properties. A 
wide range in yields from wells is to be expected. Probably, most 
wells in a wide belt of the arable lowland along the central part of the 
valley would be successful if properly constructed.

Along the Eaft Eiver near Malta, and in nearby localities, several 
wells have been put down by very economical methods. At some 
places large concrete caissons with perforations 2 to 3 inches in 
diameter were sunk by digging down inside the caissons, which settled 
as earth was removed. These wells extend only a few feet into the 
zone of saturation. Nevertheless the wells have been successful be 
cause the cobble gravel is very clean and little development of wells 
was necessary. Other wells were constructed by digging a trench to 
a few feet below the water table, laying in it a perforated or open-joint 
tile joined to a vertical casing extending to the land surface; the 
trench was then backfilled and a pump installed in the well casing.

A few more conventional wells have been installed by landowners 
who borrowed or improvised drilling rigs and used cheap thin-walled 
casing, which was perforated below the water table. Recently most 
drilling has been done by licensed drillers, but landowners generally 
contract for a low-cost well and a minimum of development work. 
Many of the wells are successful, but the presence of poor wells in 
areas where most wells are successful indicates a need for more care 
in well construction and full use of an experienced driller's time and 
skill in development work. This is especially true of wells in allu 
vium. Wells in the Salt Lake( ?) formation and Raft lake beds re 
quire skill in construction and development to get good yields without 
pumping sand and without excessive drawdown. The cost of drilling 
and development work to get efficient wells in. the older beds might be 
so great that their construction would not be economically feasible.

ABILITY TO INTERCEPT WATER

The estimated unconsumed ground-water outflow from, the Raft 
River valley is 140,000 acre-feet yearly. (See p. 82.) Not all of that 
water could be intercepted by wells. The amount that could be 
intercepted feasibly cannot be computed, but the general magnitude 
is inferred as follows:

Most irrigation wells in the Raft River valley are pumped during 
only about 100 days or less a year, and many pumps operate less 
than 24 hours a day. That is, pumping occurs during somewhat 
less than a fourth of the year. The average frost-free period in the 
valley is about 100 days, but hardy crops probably have a longer 
growing season possibly 120 to 140 days depending on the weather 
in a given year. It is assumed here that the pumping season might
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be extended to 120 days, 18 to 24 hours a day. Thus, pumping might 
be done during nearly a third of the year.

Meanwhile, natural underflow out of the valley is continuous the 
year round, and much of the water yield leaves the basin during the 
nonpumping season. Wells pumped continuously during the irrigation 
season could dewater a substantial thickness of the aquifers, obtain 
ing water from storage as well as from contemporary underflow. 
Storage would be replenished, wholly or partly, by recharge and 
underflow during the nonpumping season. That is, outflow during 
the entire year would be reduced by interception of water and 
reduction of storage, making room for off-season recharge during 
the nonpumping season. A sufficient number of properly placed 
wells might intercept efficiently about 50,000 to 75,000 acre-feet of 
water a year. With present irrigation practices, that amount of 
water would meet the diversion requirement for perhaps 25,000 to 
30,000 acres of land.

Natural evapotranspiration on the native land that would be 
irrigated is about 0.89 foot per year. Introduction of an irrigation 
regimen on additional valley lands would create a new evapotran 
spiration regimen on those lands and consumptive use would be in 
creased by about 1.11 feet. The new effective water depletion, by 
irrigation of 30,000 additional acres of land, would be about 33,000 
acre-feet. The remaining 42,000 acre-feet of pumped water would 
run off or become return recharge to ground water, and would be 
available for reuse if it could be recovered.

CHEMICAL SUITABILITY FOR IRRIGATION

Because some chemical types of water are harmful to certain kinds 
of soil, the chemical and physical quality of soils and the chemical 
quality of the water available for irrigation commonly require care 
ful study. Some soils in the Raft River valley are saline or are 
susceptible to sodium-adsorption damage; the acreage of such soils 
in the public domain is not known (Idaho State supervisor, U.S. 
Bureau of Land Management, oral communication, June 1, 1956).

The analytical data (table 16) show that the chemical types of 
ground water in the Raft River valley are varied, but little is 
known about the distribution or relative abundance of those types. 
Although some water in the valley is unsuitable or doubtfully 
suitable for irrigation, not enough data are available to correlate 
quality of water with specific aquifers. Because the chemical quality 
of the water is a potential limiting factor in long-term use and devel 
opment, much further study of the water and soils is needed.
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SAFE PERENNIAL WATER YIELD OF THE BASIN

The safe perennial yield of a ground-water basin is commonly 
defined as the amount of ground water that can be pumped year 
after year without permanently lowering water levels below the 
economic pumping lift, and without seriously impairing the quality 
of water. The safe yield of ground-water basins generally can be 
determined most readily by observation of water levels through a 
term of years during which pumping is constant or is increased by 
stages. In the Raft River basin, where surface water and ground 
water are closely related in the area having the principal develop 
ment potential, it is more appropriate to think of safe yield in terms 
of total yield of water from all sources, whether from springs, 
wells, or streams.

If 50,000 to 75,000 acre-feet of the uncommitted water supply in 
the Raft River valley were pumped yearly, the rate of pumping 
in 1955 would be increased by 78 to 117 percent and total pumpage 
would be about 114,000 to 139,000 acre-feet per year. Compared to 
the estimated unconsumed supply of 140,000 acre-feet now available, 
an increase of 50,000 to 75,000 acre-feet may seem conservative, 
because less than half the pumped water would be consumed. If a 
diversion demand of about 2.5 to 3 acre-feet of water per acre were 
assumed for the types of crops that are grown in the valley (chiefly 
hay, small grain, sugar beets, and potatoes), 75,000 acre-feet of water 
would serve 25,000 to 30,000 acres of land, and consumptive use 
would increase by about 27,500 to 33,000 acre-feet. The unconsumed 
pumped water would be recoverable from surface drains or could 
return to the ground as recharge.

Certain tracts of bottom land in the Raft River valley, where the 
water table is at shallow depth, are occupied by low-value forage crops 
and native water-loving vegetation. The water-loving plants yield 
little or no profit but they consume excessive amounts of water from 
2 to 6 or 7 feet, depending upon the kinds of plants and their growth 
density (Mower and Nace, 1957). Lowering of the water table by 
heavy pumping would automatically deny water to some of the un 
desirable vegetation, which grows only where the water table is at or 
near the surface, and would salvage for beneficial use water that now 
is neither diverted from surface streams nor pumped from wells. 
The total area occupied by undesirable vegetation is not known, but 
salvaged water would amount to at least a few thousand acre-feet per 
year. Lowering of the water table might improve the quality of the 
soil by allowing leaching to occur. In addition, it would reduce the 
base flow of the Raft River.
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It was noted on page 79 that pumpage increased more than sevenfold, 
from about 8,700 acre-feet in 1948 to 64,000 acre-feet in 1955. The 
increase, however, seems not to have depleted appreciably the amount 
of ground water in storage. For that reason, and in the light of 
estimates in paragraphs immediately above, pumping of sufficient 
water to irrigate 25,000 to 30,000 additional acres seems to be a reason 
able estimate for a feasible new development. Nevertheless, much 
further study is needed to determine the effects of pumping and to 
 determine accurately the safe perennial water yield of the Raft River 
basin.

COMPETITION FOB WATEB

In foregoing pages little was said about the effect that increased 
pumping of ground water in the Raft River valley would have on the 
surface-water supply. Under natural conditions, ground-water 
reservoirs are full to overflowing. Springs and the base flow of peren 
nial streams are sustained by the overflow, which is called effluent 
ground water. In areas where unused surplus runoff is large, depletion 
of effluent ground water commonly does not deplete usable surface 
runoff. In the Raft River basin, however, practically all the dry- 
season flow of streams is used and the winter flow is small. Wherever 
ground water is tributary to the streams, the pumping of ground 
water may deplete their flow. However, it would be unrealistic to 
contend that only surface water should be used under such circum 
stances, because such a restriction would prevent optimum use of the 
total water supply. Surface runoff in the Raft River valley is a thin 
trickle of overflow from a ground-water basin that discharges a much 
larger volume of water by underflow. Insistence upon an undepleted 
surface-water supply would require that the ground-water reservoir 
be kept at maximum stage, allowing most of the water crop to escape 
by underflow in order that the small surface overflow be maintained. 
This would be analogous to requiring that a surface reservoir be held 
at spillway level, and that no water be used from the reservoir except 
that running over the spillway. Coordinated management and use 
of all the water as a single resource would be advantageous.

LOCAL

The relatively small amount of ground water that is discharged to 
the Raft River below Peterson Ranch and to the other streams would 
be reduced by widespread pumping of ground water. Specifically, 
heavy pumping from shallow aquifers in the lowland near the Raft 
River channel might lower the water table below the river level,
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reduce or eliminate gains to the river from ground-water discharge, 
and increase percolation loss from the river by inducing infiltration. 
Pumping of ground water from shallow aquifers near the river, 
therefore, might be directly competitive with the use of surface water.

Pumping of ground water and increased consumptive use would 
deplete the water yield of the basin, and part of the depletion would 
be from surface flow. On the other hand, reasonable pumping of 
ground water need not infringe seriously on local surface-water 
rights. Pumping of ground-water, for instance, would not deplete 
streamflow during the pumping period unless the area of influence 
around pumped wells extended to the vicinity of the river and 
lowered the water table where ground water is effluent to the stream 
channel. Adverse effects would not be produced by (a) wells at a 
safe distance from the stream, (b) wells pumped only when there is 
excess water in the stream channel, (c) wells tapping deep aquifers 
that are not directly tributary to the river, or (d) wells pumped suf 
ficiently late in the season that their effects on streamflow would 
occur after the principal surface-water diversions had been made.

Study would be necessary to determine the safe distance of wells 
from the Raft River. Such study should include analysis of repre 
sentative pumping tests, observation of water-level fluctuations, 
measurements of stream discharge, and further geologic study. 
Linear distance would be very important for wells that tap shallow 
aquifers in which the ground water is hydraulically continuous with 
streams. Aquifers at intermediate depth, in which water occurs 
beneath partly confining or separating layers of impermeable 
material, could be tapped by wells without much risk of immediate 
or great effect on surface flows. Pumping of water from deep artesian 
aquifers would not affect surface flow directly if at all.

The wide area through which water is discharged to the Snake 
River Plain is an important factor in water use in the Raft River 
valley. Much of the ground-water underflow from the Raft River 
valley veers westward under the Northern Plains section south of 
Lake Walcott. Ground water in that area is not tributary to the Raft 
River except in a narrow belt on the east. Ground-water pumping 
in the Northern Plains section would have little or no effect on the 
discharge of the Raft River because the water there is outside the 
hydraulic system that controls the river.

REGIONAL,

Important competition for water will be confined largely to the 
Raft River basin, and downstream effects from developments in the
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basin will be immaterial. Minor regional competition for water,, 
however, is a distant possibility. The Raft River surface drainage 
and part of the ground-water drainage are tributary to the Snake- 
River near the head of Lake Walcott, and an unmeasured amount of 
water is contributed by the Raft River basin to the Snake River's 
main stem. The size of the contribution cannot be determined from 
surface inflow-outflow records of the reservoir, because ground water 
from other areas also is discharged to the river and lake above Mini- 
doka Dam. Moreover, the downstream part of the lake loses water 
by percolation into the ground. River and reservoir records show 
that in the reach from Minidoka Dam to Neeley (about 25 miles up 
stream on the Snake River) the net gain to the river system is about 
82,000 acre-feet in an average year (Crosthwaite and Scott, 1956).

Milner Dam, the farthest downstream large diversion dam for 
irrigation on the Snake River Plain, is a key point in river operation. 
The long-time average yearly surplus discharge of the Snake River 
past Milner Dam before construction of Palisades Dam was some 
what more than 1,000,000 acre-feet, and the maximum in any recent 
year was about 3,000,000 acre-feet. In some years of low runoff, spill 
past Milner was almost nil. In those years the entire yield of the 
Snake River system above Milner was stored or diverted for irriga 
tion and there was a water shortage. The 10 to 12 years before 195$ 
were years of generally ample water supply, and substantial new 
depletion upstream probably would not have caused a shortage of 
water at or above Milner. New upstream storage works, notabljr 
Palisades Dam, will relieve shortages in future droughts, but surface- 
water users are concerned that heavy pumping of ground water 
throughout the Snake River Plain may aggravate water shortages in 
years when runoff is low. Determination of the extent of such effect 
from pumping in any given area would be a major task, requiring 
careful study of extensive water data and thorough geologic 
investigation.

Some evidence indicates that at least some of the ground water 
that moves out of the Northern Plains section is not tributary to the 
Snake River above Milner, but passes beneath the river and joins a 
larger body of ground water north of the river. Ground water from 
that body is discharged to the Snake River through large springs be 
low Milner Dam. The water discharged from the springs constitutes; 
the principal flow of the Snake River between Milner and King Hill. 
Depletion of spring flow would decrease the amount of water avail 
able for generation of power by several hydroelectric installations in. 
that reach.
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SUMMARY OF PRINCIPAL, CONCLUSIONS

The Raft River basin, hydrologically, is a unit area. The unit con 
tains several subdivisions; in each of these the water supply is modest, 
but the aggregate amount is substantial. Ground-water underflow in 
all the subbasins is generally parallel to surface streamflow, and the 
Raft River valley is the master subbasin and collecting ground for the 
entire water yield of the basin. Runout from the valley moves north 
ward to the Snake River Plain through a broad area at least 12 miles 
wide. Part of the water is discharged to the Snake River and to the 
upstream part of Lake Walcott. A large part, however, veers 
westward and probably moves into the Snake River Plain west of 
Minidoka Dam.

Nearly all usable surface water in the Raft River is diverted for 
full or supplemental irrigation of about 24,000 acres of land. Sup 
plemental ground water is pumped for some of those lands. About 
25,000 acres, chiefly in the lowland of the Raft River valley, is served 
partly or wholly with ground water. The total area irrigated in the 
entire basin is about 43,000 acres.

Ground water in the Raft River basin occurs in both unconfined 
and confined (artesian) aquifers. Much of the readily obtainable 
ground water of good quality is unconfined, occurring in lowland 
alluvial sand and gravel. In the Northern Plains section south of Lake 
Walcott, basalt is a copiously productive aquifer.

Fluctuations of ground-water levels in the Raft River lowland 
generally are moderate, the annual range being about 5 to 8 feet. 
During the 5-year period 1948-52 there was little net change in water 
levels, despite increased pumping of ground water, and water levels 
actually rose in a few wells during those years. After mid-1953 there 
was a small but steady net lowering of the water levels in most ob 
served wells, amounting to about 1 to 2.5 feet at corresponding times 
of successive years. Much of the lowering probably would have oc 
curred without ground-water pumping, owing to subnormal precipi 
tation and deficient recharge. Deficient recharge is indicated by 
precipitation records and by the low water yield of springs and streams 
in uplands where there has been no pumping of ground water.

The water supply of the Raft River basin is derived from pre 
cipitation in the basin. No evidence was found to support the 
popular belief that a large amount of ground water enters the basin 
by migration from surrounding areas. The estimated total volume 
of precipitation is 1,290,000 acre-feet per year. About 1,105,000 acre- 
feet is consumed by basinwide natural evapotranspiration, and 44,000 
additional acre-feet is consumed by crops. Surface outflow probably 
is less than 10,000 acre-feet. The estimated unconsumed total residual
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water supply of 140,000 acre-feet per year is discharged from the basin 
by ground-water underflow and surface outflow. The conservatively 
estimated unused and uncommitted ground-water supply which leaves 
the basin by underflow probably is somewhat more than 130,000 acre- 
feet per year.

Possibly as much as 100,000 acres of undeveloped land in the Raft 
River valley could be irrigated if a suitable water supply were ob 
tained. The net consumptive-use demand for that land, assumed to be. 
nearly 120,000 acre-feet yearly, over and above what would be satisfied 
directly by precipitation, would exceed the estimated water yield of the 
basin somewhat. The amount of uncommitted water that could be 
intercepted and used within the basin is the limiting factor in further 
development in the Raft River valley with its native water supply.

Existing irrigation wells in the valley yield 90 to 3,125 gpm; most 
wells yield more than 500 gpm, and very few yield less than 200 gpm. 
Well-performance tests and studies of well logs and well records in 
dicate that the average coefficient of transmissibility of shallow aqui 
fers in the lowland of the Raft River valley is on the order of 200,000 
gpd per foot, and the coefficient for single aquifers may be much higher. 
Deeper aquifers also transmit a large volume of water yearly. A large 
percentage of properly situated and efficiently developed new wells 
in the Raft River Valley and Northern Plains section would be 
successful.

The 1955 pumping rate of 64,000 acre-feet of ground water per 
year probably could be safely increased sufficiently to irrigate 25,000 
to 30,000 additional acres. If consumptive use on cultivated land 
were assumed to average 1.1 feet in addition to the natural consumptive 
use, with 73,000 acres under old and new irrigation, total water de 
pletion in the basin would be about 1,180,000 acre-feet. The un- 
consumed residual water yield would be about 110,000 acre-feet. The 
water supply downstream on the Snake River would not be materially 
depleted.

The ground-water quality is not well known, but records show that 
water from some sources is doubtful to unsuitable for irrigation on 
some types of soil. The soil and the quality of water in the valley 
should be studied thoroughly.

Properly located wells in the Raft River valley would not seri 
ously deplete the surface-water supply during the irrigation season if 
pumping were done on a moderate scale. Shallow wells near the Raft 
River might deplete the flow of the river below Peterson Ranch. 
Properly cased deep wells would not affect the river directly. Well 
users in most of the Northern Plains section would not compete with 
Snake River water users during the irrigation season, but wells ad-
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jacent to the Eaft River or to the upstream part of Lake Walcott 
might be competitive to a very small extent in years of short water 
supply.

The preliminary general conclusion is reached that sufficient un 
committed water is available and recoverable in the Raft River basin 
to irrigate about 25,000 to 30,000 additional acres of properly situated 
land.

Estimates in this report indicate that a moderate increase in irriga 
tion would further deplete the water supply only moderately. How 
ever, this indication is the result of a series of estimates and 
extrapolations made on the basis of scanty data. The analysis of 
liydrologic factors and the estimates of water yield were made care 
fully, but the result is still only an estimate which probably will be 
revised in time.

Conservatism is advisable in further development in the Raft River 
basin. If the water yield estimated in this report is much higher than 
the actual yield, the consequence of rapid exploitation might be un 
fortunate. Overdevelopment might occur before positive symptoms 
of it were detected by hydrologic means, but the authors believe that 
development on the scale suggested above would be conservative. If 
increased draft on the water supply were made in increments of a few 
thousand acre-feet per year, it would be feasible by hydrologic means 
to detect symptoms of overdevelopment before it became excessive. 
Two factors will potentially limit the development: the amount of 
water available, and the amount of the available supply that can be 
recovered economically from wells.

SUGGESTIONS

The total water supply in the Raft River basin is far from adequate 
for all irrigable land in the Raft River valley. The disparity between 
the amounts of land and water is so great that the inadequacy would 
remain even with optimum use of the total supply. The effective 
supply may exceed the accessible supply somewhat because uncon- 
sumed irrigation water may be reused. The effective supply might be 
increased also by artificial recharge spreading surplus winter and 
freshet flow in selected areas. The amount of water available for 
artificial recharge is small, because surface runoff at the mouth of the 
Raft River averages only a few thousand acre-feet per year. Addi 
tional study would be required to determine the physical and economic 
feasibility of artificial recharge with surplus surface water.

Imported Snake River water also might be used for artificial re 
charge. Moderate excess winter flows are anticipated in the Snake 
River in some years, even with the new storage capacity at Palisades
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Dam near the Wyoming border. In the existing pattern of water use, 
excess water would spill unused past Milner Dam. The possibility of 
diverting some of the excess to the Kaf t valley for artificial recharge 
of ground water seems to be worth study. The necessary diversion and 
transmission works probably would not be expensive because much 
transmission loss by percolation into the ground could be tolerated. 
Such loss could be counted as an artificial-recharge benefit if it oc 
curred in areas where the ground water is usable. A principal problem 
probably would be canal ice in winter. Ice in water-spreading fields 
would not necessarily be undesirable because the ice would delay actual 
recharge until spring, when it would do the most good.

The water situation in the Eaft Eiver valley illustrates that, to 
achieve optimum development of water in some situations it may be 
necessary to broaden water rights so that they apply to all water, 
whether from surface or underground sources.
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LOGS OF WELLS

By E. L. NACE, S. W. FADEE, H. G. SISCO, End A. E. PECKHAM

The following pages contain drillers' logs and casing records of 
81 wells in the Raft Kiver valley. The logs were obtained either 
directly from drillers or from well owners' copies of drillers' logs. 
The terminology used by well drillers to describe the materials pene 
trated has been modified somewhat to achieve a degree of uniformity. 
Statements in brackets such as [clay and soil ?] are interpretations 
by the authors.

Material
Thick 

ness 
(feet)

Depth
(feet)

9S-25E-23dbl

[Casing: 8- and 6-in. black-iron to 170 ft]

Soil--  .........           

Basalt, chocolate-colored, broken, 
with a few solid ledges. Water 
at 121.5 ft..        

Basalt, black; very open; most of

2 
6 

12

75 

49

2 
8 

20

125 

174

9S-26E-7bcl

TopsoiL        _
Clay and rock _ ... _    ____
Basalt, black __ , __ _____

1
6 

80

1 
7 

87

9S-26E-10aal

[Casing: 8-in. black-iron from 0 to 46 ft; 5-in. from 
0 to 96 ft; perforated from 66 to 96 ft. Concrete 
poured around 5-in. casing]

Topsoil---          . .......
Clay i and gravel  .   .- ........
Gravel, water worn. Probably 

struck water at about 29 ft. Ce 
mented hole from 10 to 36 ft., but 
this did not prevent caving;

Clay, red and yellow, and basalt, 
black

Clay, blue, and basalt, black ...... 
Basalt, black. Struck water at 75 
ft..-               

2
8

35

10
5

35

2 
10

45

55 
60

95

i So-called clay is probably a contaminant of over 
lying topsoil, carried by drill into basalt.

Material
Thick 
ness 
(feet)

Depth
(feet)

9S-26E-10ddl

[Casing: 8- and 6-in. black-iron to 118 ft; perforated 
from 88 to 118 ft]

Soil....  ........................
Clay, yellow.... __________
Clay and rock ____ __ ___ ..

Cinders, black, with solid layers. .. 
Basalt, gray. .. ______   _

Basalt, black, very broken. 
Struck water at 73 ft. .      _

Cinders and layers of black basalt- .

1 
2 
9

17 
10 
21 

5

10 
14 
39

1 
3 

12 
29 
39 
60 
65

75 
89 

128

9S-26E-13ccl
[Log obtained from Bureau of Land Management, 

Aug. 18, 1955]

SoiL            
Basalt, gray.       . ............

Basalt, gray, porous         
Basalt, black; struck water at 140 
ft---            

2 
3 

16 
8 
9 

13 
22 
15 
15 
36

14

2 
5 

21 
29 
38 
51 
73 
88 

103 
139

153

9S-26E-22bbl
[Log obtained from Bureau of Land Management, 

Aug. 18, 1955]

Soil-        - _ -

Basalt, brown   ..          
Basalt, gray; struck water at 112 ft.
"Rooalf

12 
18 
18 
14 
23 
33 

9

12 
30 
48 
62 
85 

118 
127

111

593525 61-
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Material
Thick 

ness 
(feet)

Depth
(feet)

9S-27E-36adl

Soil            

Sand and clay, compact, in thin

Sand, coarse, and clay, in thin 
y

5 
4

111 

10

5 
9

120 

130

9S-27E-36dbl

[Casing: 16-in. wrought-iron to 111 ft; perforated 
opposite all gravel and sand layers]

Soil           
Clay, gravelly __________  
Gravel, medium; maximum diam 

eter about half an inch. ___ .. 
Clay, gray.. _           
Clay, blue ____ . __ ....    .

Clay, blue ____   -   .     

Clay, blue. ____           

y, y

3 
12

13 
2 
3 

14 
3 

22 
6 

27 
18 
13 
9 

13 
11 
35 
26

3 
15

28 
30 
33 
47 
50 
72 
78 

105 
123 
136 
145 
158 
169 
204 
230

10S-25E-24dcl

[Log obtained from Frank P. Conley, driller, 
Aug. 17, 1955]

Soil.           

Basalt, light-brown, soft; struck

Basalt, light-gray; some of cuttings 
are coarse.. ....          

Basalt, black......    .      

Clay.... __      

Clay, light green          

25 
7 

26 
50

117 
20 
60 
47

23 
85 
25 
40 
15 
25

25 
32 
58 

108

225 
245 
205 
352

375 
460
485 
525 
540 
565

10S-26E-36dc2

[Casing: 12-in. wrought-iron perforated from 121 to 
268 ft. Driller reported water was struck at 128 and 
130 ft and rose to 120 ft below land surface. Well 
yielded about 180 gpm when 235 ft deep]

Soil and hardpan _        
Clay..... ...... ..    ..  
Basalt, gray...            
Basalt, brown _ ..     .  
Basalt, purple _     .       
Basalt, gray _            

Basalt, black; cinders at 110 ft _ .. 
Clay..                  
Sand, loose..             

4 
20 
26 
8 

17 
13 
12 
15 

4 
19

4 
24 
50 
58 
75 
88 

100 
115 
119 
138

Material
Thick 
ness 
(feet)

Depth 
(feet)

10S-26E-36dc2  Continued

Sand, tight, and gravel, fine; clay

Basalt, black ___________
Sand, moderately tight ______

Gravel, fine, with clay binder .....

Basalt, black; cuttings heavy and 
coarse with a few cinders ____

Sand, tan...     _______________
Sand and gravel, very fine... __

Cinders and talc [?], brown ____ 
Basalt, black, broken... __________

Clay, tan, sandy, and gray sticky

Clay, tan, sticky   __ _ . _    .

17
5 
2 
2 
2 
8 
8 
2 

23 
4

24 
10 
15 

5 
10 

4 
3 
8

35
18 
2

155 
160 
162 
164 
166 
174 
182 
184 
207 
211

235 
245 
250 
255 
265 
269 
272 
280

315 
333 
335

10S-27E-26ddl

Soil          _ -.  
Clay, sandy, yellow.. .............
Gravel _______________

2 
9 

19 
42 
46 

7

2 
11 
30 
72 

118 
125

10S-28E-6bal

Soil-       .     

Gravel, medium; maximum diam-

Sand _________________

2 
13

15 
45 
27 
39 
33 
27 
10

2 
15

30 
75 

102 
141 
174 
201 
211

10S-28E-6dcl

Soil..                _____
Clay, sandy, yellow _______________
Clay, sandy, gray. Water struck 

at 70 ft and rose to 35 ft below

Sand ________ . ________

nio 0-K.A .e>i» ^mi+«~         ____

Sandstone and conglomerate with

2 
' 18

50 
94 
12 
19 

5 
15 
15 
10 
10 
12 
13 
15 
2

27 
5

2 
20

70 
164 
176 
195 
200 
215 
230 
240 
250 
262 
275 
290 
292

319 
324
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Material
Thick 

ness 
(feet)

Depth
(feet)

HS-26E-10dbl

[Log obtained from Tim Mathews. driller. Aug. 11, 
1955]

Clay....     _       ... .   

Sand, clay, and gravel; small

Sand and gravel _   _   .    -
Clay and gravel.            
Crevice; drill cuttings not recov-

Sand. ____ .. _ . _______ .

15 
45 

5 
42 
29 

6 
79 

5 
8 

14 
10 

7

5 
3 
5 

40

3 
27 

3

15 
60 
65 

107 
136 
142 
221 
226 
234 
248 
258 
265

270 
273 
278 
318

321 
348 
351

HS-26E-12abl

Casing: 20-in. steel to 155 ft; cased out shallow sources 
of water above 155 ft]

Soil              
Basalt, brown _______ ___
Basalt, black ___________
Basalt, brown ___________
Basalt, black, hard ________
Basalt, boulders       .     .
Basalt, loose.and gravel   _

Clay, blue, sticky.   _       .
Basalt, solid ____________
Basalt, broken, and cinders. 

Water at 203 ft- _______ . _

29 
36 
10 
23 

4 
8 

13 
1 
9 
8 
7 
7 

26

22 
47

29 
65 
75 
98 

102 
110 
123 
124 
133 
141 
148 
155 
181

203 
250

HS-26E-12cbl

[Casing: 16 in. wrought-iron to 120 ft]

Soil.                   

Sand and gravel. Struck water at 
100ft-  ___   _    _ - _ -

Clay, gray, sticky; poorly water-

Basalt, black, creviced. Water
ctnnH ftt 1 1 9 ft

Cinders.                
Basalt, broken.     .      
Basalt, black, broken, caved.. ....

14 
34
12 

6 
9 
4 

24

12

5

18
7 
8 
5 

15

14 
48 
60 
83 
92 
96 

120

132 

137

155 
162 
170 
175 
190

Material
Thick 

ness 
(feet)

Depth 
(feet)

HS-26E-25bcl

[Log obtained from Dean Rogers, driller, Aug. 
17, 1955]

Soil    ... .....         . 
Gravel _______________

Clay, blue.. ___________

Clay...... ...     __      ...

Gravel _______________

10 
25 
20 
31 
10 
12 

7 
16 

7 
25 
3 
1 

10 
45 
78

10 
35 
55 
86 
96 

108 
115 
131 
138 
163 
166 
167 
177 
222 
300

HS-26E-27bbl

[Log obtained from Dean Rogers, driller, Aug. 
17, 1955]

Soil..          _        

Sand and clay; small amount of

Sand and clay,8 soft; small amount

10 
36

46 
20

62 
10 

162 
46 
10

10
46

92 
112

174 
184 
346 
392 
402

HS-26E-28abl

[Log obtained from Frank P. Conley, driller, 
Aug. 17, 1955]

Clay and sand, bluish-green, soft-

Clay, yellow; water stands at 
65ft             

Clay, brown, sandy, soft; water

Clay, brown, sandy, and gravel. 

Basalt [?]   _       _...  

22 
6 

15 
7 

23 
22 
5

10 
5 

27 
3 
2 
4 
4 

11

32 
8 

12 
23 
4 
9 
2

22 
28 
43 
50 
73 
95 

100

110 
115 
142 
145 
147 
151 
155 
166

198 
206 
218 
241 
245 
254 
256

1 So-called soil and clay in these zones probably are 
contaminants from overlying zones.
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Material
Thick 
ness 
(feet)

Depth 
(feet)

HS-26E-35cc2

[Casing: 14-in. steel to 275 ft; perforated from 75 ft to 
bottom]

Clay, sandy. Struck water at 39 
ft.     -....... ...

Sand and gravel, caved, water-

Sand and fine gravel, watei- 
bearing          .      

Clay, yellow, soft, sticky ..........

Sand and gravel; water-bearing ....
Clay, sandy, soft, layered.. _ ..  
Gravel and sand, caved; maxi 

mum diameter about half an

Clay and sand...      ...........
Sand and gravel, cemented, with 

some clay; very poorly water-

39 
5 

26 
26 

9 
23

4
7

44 
4 
3 
4 

14 
12

12
8

35

39
44 
70 
96 

105 
128

132 
139

183 
187 
190 
194 
208 
220

232 
240

275

HS-26E-35dc2

[Casing: 16-tn. wrought-iron to 224 ft; perforated from 
110 to 224 ft]

SoiL             ...
Gravel, cemented; some water ..... 
Sand; stands during drilling .......

Clay  ...            ...   .
Gravel, cemented. ................ 
Clay, sandy.    .   .. _ -.-.....

Clay, yellow, sticky ...............

12 
36 
32 
10 
16 
6 

14 
6 
5 

68 
15 

5 
7 

11 
2

12
48 
80 
90 

106 
112 
126 
132 
137 
205 
220 
225 
232 
243 
245

HS-27E-15bbl

SoiL  .............. .............

Clay, sandy, gray; some coarse

Clay, brown, and sand, black;

3 
17 
10

5

65 

35

3
20 
30 
35

100 

135

HS-27E-22cb2

Soil-         .     

Clay, sandy with some sandstone- 
Clay, sandy, yellow; layers of 

black pea gravel

45 
15 
10

8 
22 

5

45 
60 
70

148 
170 
175

Material
Thick 

ness 
(feet)

Depth
(feet)

llS-27E-31ddl

[Casing: 20-in. steel perforated from 0 to 185 ft. with 
Mills knife; slots about 7/16 in. wide and 2^i to 3 
in. long in horizontal rows of 12 slots at 8-in. verti 
cal intervals]

Topsoil.. .........................

Clay           ...

Clay... ...        .    

9 
11 
33 

1 
20 

2 
11 
4 

33

9 
20 
53 

115 
135 
137 
148 
152 
183

HS-27E-33ddl

Clay.....   .        ..
Gravel, fine-grained, and clay.

Clay; thin layers of fine gravel. ...

20 
48

42
40 
40 
18

20 
68

110 
150 
190 
208

HS-27E-35adl

Clay and gravel            .
Rock, loose               
Clay, sandy; thin layers of water 

bearing sand. ............._.....

12 
100 

18

70

12 
112 
130

200

HS-27E-36adl

[Casing: 20-i .wrought-iron to 30 ft]

Rock, red, hard; reported to be
100

148

100

248

12S-26E-lbbl

[Casing: 14-in. wrought-iron to 195 ft; perforated 
from 109 to 195 ft]

Soil. ... .... . ......    ... ...    
Soil and small amount of gravel _

Gravel, water-bearing...   . ......

Clay, blue, sticky. Struck more 
water at 92 ft     _   ..  

Clay, light-gray ...................

Gravel, cemented; drilled hard. 
Struck good flow of water at 150 
ft-.-  ....        .........

17 
13
15 
6 

29

12
23 

5 
24

6 
6 

39

17 
30 
45 
51 
80

92 
115 
120 
144

150 
156 
195
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Material
Thick 

ness 
(feet)

Depth 
(feet)

12S-26E-lccl

[Casing: 16-in. steel from 190 to 230 ft, perforated with 
} £- by 10-in. torch-cut slots]

Topsoil _ . ___________ . _
Clay, brown; small amount of fine

Gravel, fine, and clay. ______
Gravel, fine, and sand; clay layers;

Clay, brown.. ___________
Clay, gray, sticky _________
Sand and gravel, fine; thin layers of

Sand and gravel, fine ..............
Sand; caved badly from 85 to 120 ft. 
Gravel and sand with clay binder..

Gravel, cobble (cobbles as much as

3

4
10

18 
15 
35 
14 
15 
16 
14 
28 
20 

2 
17 
4

29

3

7 
17

35
50 
85 

130 
100 
116 
130 
158 
178 
180 
197 
201

230

12S-26E-llbbl

[Casing: 18-in. steel to 220 ft, perforated]

Soil, sand, and gravel.. ______

Clay..............................
Sand, and alternating beds of clay 

about 10 ft thick ________
Sand and clay in layers about 5 ft 

thick.. ___ . ___ . _ .......

45 
30
50

60 

35

45 
75 

125

185 

220

12S-26E-llbdl

[Log obtained from Frank P. Conley, driller, Aug. 
17, 1955]

Gravel ________________

Gravel; clean; struck first water __

Gravel, clean ___________

Gravel

8 
1 

21 
11 
6 

21 
14 
8 
5 

17 
32 
16 
13 
4 

18 
9 
1

8 
9 

30 
41 
47 
68 
82 
90 
95 

112 
144 
160 
173 
177 
195 
204 
205

128-26E-llccl

[Log obtained from Frank P. Conley, driller, Aug. 
17, 1955]

Soil.. __ . _____ ... _ ... _ .
Clay..............................
Sand. .............................

Sand, soft ______________

Sand, coarse-grained, and gravel,

Clay, sandy, soft  . ________

15 
65 

5 
110

5 
8

2 
17

15 
80 
85 

195 
200 
208

210 
227

Material
Thick 

ness 
(feet)

Depth 
(feet)

12S-26E-llccl   Continued

Cl3iV ETGGD

73
5 

10 
25

300 
305 
315 
340

12S-26E-13bc2

[Owner reports water struck at 350 ft rose to 3 ft below 
land surface, but dropped to 27 ft below land sur 
face when casing was perforated. Casing: 14-in. 
wrought-iron to 144 ft and 12-in. from 140 to 202 ft; 
perforated from 20 to 30 ft and 66 to 202 ft]

Soil            

Clay.. .. . _ .       .

Gravel (1-in. maximum diameter)

Clay, blue, and shale boulders.--.

8 
22 
36 
24 

7 
36 
11

58 
148

8 
30 
66 
90 
97 

133 
144

202 
350

12S-2GE-25cd2

[Casing: 14-in. wrought-iron perforated to about 
222ft]

Soil....                  

Not recorded; poorly water-bear 
ing          .         

Clay              

Gravel and clay, mixed       

Sand and clay; water-bearing.

20 
15

10 
17 
24 
14 
32 

3 
30 
10 

310

25 
55

20 
35

45 
62 
86 

100 
132 
135 
165 
175 
485

510 
565

12S-27E-19ca2

Gravel, coarse; struck water at 12 
ft            

Gravel and clay..          
Gravel, coarse __         

Clay            
Clay; gravel layers.         

Clay            

7

29 
16 
20 
48 

7 
11 
4 

43 
13 
4

7

36 
52 
72 

120 
127 
138 
142 
185 
198 
202

12S-27E-30bc2

[Log obtained from Frank P. Conley, driller, Aug. 
17, 1955]

Started at bottom of old dug well  35 
30 
2 

89

35 
65 
67 

156
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Material
Thick 

ness 
(feet)

Depth 
(feet)

12S-27E-30dc2

[Log obtained from Frank P. Conley, driller, Aug. 
17, 1955]

SoU...   _____ . ____ .... 12 
34 
9 

33

12 
46
55 
88

12S-27E-31dbl

[Log obtained from Frank P. Conley, driller, Aug. 
17, 1955]

Started at bottom of old dug well ...

Clay                  _

20 
37 
4 
1

20 
57 
61 
62

13S-26E-lccl

[Casing: 16-in. wrought-iron to about 65 ft; perfo 
rated from 24 to 43 ft and 46 to 64 ft]

Soil and gravel; struck water at 
20ft.       _ ... _ ......

Clay                  

Gravel, tight ___________
Clay..    __ . _________

36 
2 

Trace 
5 
1 

11 
7 
2 
1 
4

36 
38 
38 
43
44 
55 
62 
64 
65 
69

13S-26E-ldbl

[Casing: 16-in. steel to 134 ft; 8-in. steel from 0 to 
432 ft; open bottom]

Soil.    .    .     __
Gravel, coarse, mixed with clay; 

some water... ___ . __________
Clay and gravel    . _.________
Sand; would not stand without 

casing     .    ______________
Clay, blue, very sticky ____________
Sand; well began to flow; water 

had strong sulfur odor; sand did 
not cave ;water cased off. ___ .

Clay, blue; no additional water. ..

Clay, blue, with gravel; cuttings

Sand, blue, layered; cuttings too

8

65 
97

80 
170

4 
326 

50

200 

400

8

73 
170

250 
420

424 
750 
800

1000 

1400

13S-26E-12bal

Tight formation [clay and soil?] _

Gravel, impure [probably some

3? 
3

23
7 
2

31 
34

57 
64 
66

Material
Thick 
ness 
(feet)

Depth 
(feet)

13S-26E-13bal

[Casing: 12-in. light-gage steel to 148 ft, 10-in. from 
148 to 281 ft]

Soil     _ - _______       

Gravel and sand, water-bearing ...

Gravel and sand, water- bearing.. . 
Gravel and yellow clay; no water ___

Clay and some gravel; no water ___

6 
23

5 
6 

16 
14 
58 
20 
12 
14 
51 
45 
11

6 
29 
34 
40 
56 
70 

128 
148 
160 
174 
225 
270 
281

13S-26E-14cbl
[Casing: 16-in. wrought-iron to 114 ft; perforated 

with Mills knife from 6 to 56 ft and from 74 to 100 
ft, 12 holes to the round at 6-in. vertical intervals]

Boulder gravel           

Gravel and clay; drilled fairly 
easilv

Clay        _______       

Clay...   _____            

Gravel            
Clay, sandy _ ___._   __.  

4 
29 

1 
12

5 
4 
1 

18 
6 
3 
4 

13 
70 

1 
20 
18

4 
33 
34 
46

51 
55 
56 
74 
80 
83 
87 

100 
170 
171 
191 
209

13S-26E-23cal

Clay... ____       ___     _____

Clay..               

f^lav

fMaTT

Clay         _______    _____

Clay    _____     _______    
Gravel.. _-...  _ . ._  

Clay                   _

Clay            

Clay, hard, layered _____ _ _ 

2 
2 

38 
3
5 
6 
8 
2 
7 
9 

18 
12 

6 
22 

4 
39 
6 
4 
4 

20 
3 

16 
7 
7 
6 
3 
5 
6 

12

2
4 

42 
45 
50 
56 
64 
66 
73 
82 

100 
112 
118 
140 
144 
183 
189 
193 
197 
217 
220 
236 
243 
250 
256 
259 
264 
270 
282
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Material
Thick 

ness 
(feet)

Depth
(feet)

13S-26E-23cal  Continued

Clay......... ___ .. __ ........
Gravel _______________

Clay..............................

Clay..............................

Sand _________________

5 287 
11 298 
6 304 

11 315 
21 336 

4 340 
13 353 

9 362 
6 368 
2 370 

28 398 
7 405 

10 415 
1, 785 2, 200

13S-26E-23cbl

[Casing: perforated with slot-type perforations from 
0 to 350 ft]

Soil.....  ................. ___

Clay.............. ................

Gravel and clay in alternating lay-

4 
26 
15 
73 
2 

30

200

4 
30 
45 

118 
120 
150

350

13S-26E-24aal

[Casing: 36 in .perforated corrugated-steel to 24 ft]

Soil--.... .  .__._.._.....____.

Clay..... ...... ...................
Gravel _______________

6 
18

.7 
9.3

6 
24 
24.7 
34

13S-26E-26aal

[Casing: 16-in. wrought-iron from 0 to 348 ft; torch- 
cut perforations from 0 to 348 ft]

Soil and gravel. Struck water at 
18ft.................... _ ......

Gravel and clay __ ________
Clay. ________________

Clay..............................

Clay..............................

Clay..............................
Gravel; thin layers and pockets of

20 
15 

5 
4 
8 
2 
2 
2 

24 
3

265

20 
35
40 
44 
52 
54 
56 
58 
82 
85

350

13S-27E-7adl

[Log obtained from Frank P. Conley, driller, 
Aug. 17, 1955]

Soil.................. .       
Sand and gravel __________

14 
36

14 
50

Material
Thick 

ness 
(feet)

Depth 
(feet)

13S-27E-19ddl

[Casing: 48-in. perforated concrete from 0 to 32 ft; 24- 
in. black-iron perforated from 32 to 62 ft with %- 
by 2-in. torch-cut slots, 13 holes per round on 8-in. 
vertical intervals]

Gravel and cobbles as much as 4
7 

55

7 

62

13S-27E-29bcl

[Casing: 48-in. slotted concrete to 28 ft; 16-in. 
wrought-iron perforated from 28 to 57 ft with 
torch-cut slots, 10 holes per round and at 1-ft ver 
tical intervals]

Not reported [probably topsoil

Gravel, fine _              
29
28

29
57

13S-27E-31dal

[Casing: wrought-iron to 48 ft with 24-in. slot-type 
perforations]

48 48

13S-27E-32cb2

[Casing: 16-in. wrought-iron to 78 ft; torch-cut per 
forations, 10 holes per round at 1-ft vertical inter 
vals]

Gravel and cobbles, maximum 
diameter 4 in. Struck water at 
lift          

4

74

4

78

14S-27E-6ccl

[Log obtained from Frank P. Conley, driller, Aug. 
17, 1955]

Soil.  _   -   -       -  

Gravel, small; struck first water _

Basalt(?) f broken, and gravel   

1 
9 

32 
14

7 
12 
25 

110 
5 

55 
5

1
10 
42 
56 
63 
75 

100 
210 
215 
270 
275

14S-27E-6dbl

[Casing: 16-in. wrought-iron to 64 ft; perforated from 
18 to 64 ft]

Soil           
Gravel. Struck water at 18 ft    
Not recorded [probably gravel]   
Tight formation; water-bearing at 

62ft   _ . _ ....... _

6 
17 
35

6.5

6 
23
58

64.5
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Material
Thick 
ness 
(feet)

Depth 
(feet)

14S-27E-8acl

[Casing: 16-in. black-iron; perforated with ?i- by 
6-in. torch-cut perforations, about 10 holes per 
round at about 1-ft vertical intervals from 0 to 
68ft]

Gravel and cobbles. Struck 
water at 19 ft _ ________ 

Clay..            
Sand. _____   - -. ____ . 
Clay, and sandstone in layers

13

42 
5 
8

110

13

55 
60 
68

178

14S-27E-8adl

[Dug hole to 58 ft. Casing: 24-in. wrought-iron; 
perforated with Ji- to 6-in. torch-cut slots, 13 holes 
per round, on about 1-ft vertical intervals, from 
12 to 48 ft]

[Former dug hole to 24 ft, probably

Clay..  - _._      _ __

13 
15 
24 
10 

627

13
24 
48 
58 

685

14S-27E-8bcl
[Casing: 16-in. wrought-iron to 60 ft; perforated 

with Mills knife from 11 to 58 ft, 12 holes per round, 
at 6-in. vertical intervals]

Gravel. Struck water at 11 ft ..... 
Clay and gravel _      _____
Gravel, loose    ..      .. .....
Gravel, tight ____________
Clay, sandy, yellow.   .. ....... 
Gravel ________________
Clay              

6 
30 

1 
2 

19 
14 

1 
7

6 
36 
37 
39 
58 
72 
73 
80

14S-27E-9bbl

[Casting: 16-in. wrought-iron; perforated from 19 to 
43ft]

Soil and gravel. Struck water at
1Q ft

Clay..        .  ...
Sandstone [possibly loosely con 

solidated gravel]; some water ....

22 
21 
10

19

22 
43 
53

72

14S-27E-16ccl

[Casing: 24-in. black-iron to 69 ft; perforated with 
1- by 6-in. torch-cut slots, 10 slots per round, at 
about 1-ft vertical intervals, from 0 to 69 ft]

Topsoil.      ...................
Gravel and cobbles. Struck

Clay- ____ . _ .................
Sand.. ... ________ .... .....
Sandstone _____________
Clay, sand, and sandstone layers-

6

20
7 
5 
1 

41

6

26 
33 
38 
39 
80

Material
Thick 
ness 
(feet)

Depth 
(feet)

14S-27E-16ddl

[Log obtained from Dean Eogers, driller, Aug. 17, 
1955]

Soil-.        - 

Clay            

Clay; small amount of water at 
55ft       .  

Sand- _            
Clay....                -
Clay and sand... .    .. . .

1 
39 
10 

3

4 
24 
43 
42 
69 

1 
4 
6 

39

1 
40 
50 
53

57 
81 

124 
166 
235 
236 
240 
246 
285

14S-27E-18adl
[Casing: 16-in. black-iron from 22 to 42 ft; perforated 

with torch-cut slots from 22 to 42 ft, 8 holes per 
round, at 6-in. vertical intervals]

Not recorded [probably topsoil 
and gravel]-             

Gravel _               
Sand ___           . _  

Clay            

22 
4 
4 

12 
10

22 
26 
30
42 
52

14S-27E-18ddl
[Log obtained from owner, Aug. 3, 1955]

Gravel and sand, water-bearing- --

Clay    ....   ...    ..... ... -
Sand, coarse, water-bearing.--    
Clay, sandy.  .   ...... ....
Sand, water-bearing     ... ....

Sand and gravel, water-bearing ....

Sand, coarse-grained, and gravel; 
water-bearing.-.-.-.-.-..... ....

Clay   ... ..... ...... .... ....  

Clay, tough .......................
Clay, sandy              
Sand, coarse-grained and gravel,

6 
12 
10 
17

5 
10 
10 

8 
12 

7 
13 

5 
7 

10 
8

12 
5 
3 

20 
10

10

6 
18 
28 
45 
50 
60 
70 
78 
90 
97 

110 
115 
122 
132 
140

152 
157 
160 
180 
190

200

14S-27E-20cdl
[Log obtained from Dean Eogers, driller, Aug. 17, 

1955]

Clay..  ... ...      ...      

Clay...           ....

Clay..   .   .   ...        

18 
6 
2 
4 
9 
3 

38 
4 

12 
18 
36

18 
24 
26 
30 
39 
42 
80 
84 
96 

114 
150
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Material
Thick 
ness 
(feet)

Depth 
(feet)

14S-27E-29bdl

[Casing: 48-in. concrete from 1 to 21 ft; perforated 
with eight 2?4-in. holes per foot of casing]

Sandy loam... ___________
Gravel _______ . ...
Clay..............................

8 
13 

?

8 
21 
21+

14S-27E-29bd2

[Casing: 48-in. concrete from 4 to 22 ft; perforated 
with eight 2%-in. holes per foot of casing]

Sandy loam _____________
Gravel _______________ 
Clay..............................

8 
14 

?

8 
22 
22+

14S-27E-29cal
[Casing: 40-in. concrete, perforated from 0 to 19 ft]

Topsoil... ........... ...... _ ....
Gravel, fine _____________
Gravel, coarse, and some cobbles..

8 
5 
6

8 
13 
19

14S-27E-30aal
[Casing: 48-in. concrete to 25 ft; perforated with 

eight 23/4-in. holes per foot of casing]

Clay..............................

8 
15 
2

8 
23 
25

15S-24E-22adl
[Casing: 6-in. wrought-iron to 60 ft]

Not recorded; water at 40 feet 
(cased out) ___________

Quicksand- .......................

60 
136 

?

60 
196 
196+

15S-26E-23ddl
[Casing: 16-in. to 148 ft]

SoiL-. __ ... .... . .
Gravel, cemented-. ________
Gravel, water-bearing. ------------

Sand..  .........................

Clay, white, chalky _____ . ....

Clay, light-blue.    -.  .
Clay, gray, chalky; water-bearing-

Clay hard chalkv

7 
18 

f> 
22 
33 
60 
20 
10 
15 
50 
20 
10 
15 
40 
95 
15 
15 

3 
20

10
5 

50

7 
25 
30 
52 
So 

145 
165 
175 
190 
240 
260 
270 
285 
325 
420 
435 
450 
453 
473 
475 
485 
490 
540

Material
Thick 

ness 
(feet)

Depth 
(feet)

15S-26E-24bal

[Casing: 16-in. ste.fl to 224 ft perforated opposite all 
sand and gravel layers]

Gravel, cement gravel, and clay... 
Clay; drilled readily __      
Clay and gravel.           

Clay-.          .....
Sand..  .     _
Clay-- -           
Gravel , water-bearing -        
Clay..             

Sand; heaved up in hole _     

23
4 
g 

21 
54 
75 
20 

2 
3 

13 
13 

4 
5 

20

23 
27 
35 
56 

110 
185 
205 
207 
210 
223 
236 
240 
245 
265

15S-26E-33bbl
[Casing: 20-in. wrought-iron to 24 ft]

Soil           _

Clay, sandy, gray.        ..

Clay, dark .            
Clay, blue....           
Clay, sandy, dark.      .    

Clay, light-gray, warm-water-

Clay, white, chalky. Most of

Clay, chalky, warm-water-bearing.

15 
2 

23 
20 
13 
27 
80 
35 
25 
2 

12 
50 
25 
25 
30

20 
30

30
45

15 
17 
40 
60 
73 

100 
180 
215 
240 
242 
250 
300 
325 
350 
280

400 
430

460 
505

15S-26E-34bbl
[Casing: 12-in. wrought-iron, perforated opposite all 

gravel layers from 0 to 214 ft]

Quartzite, sand, and large boul 
ders; interbedded clay layers

11 

203

11 

214

15S-27E-7dbl
[Casing: 16-in. California stovepipe from 0 to 234 ft; 

perforated with Mills knife opposite all sand and 
gravel layers]

Soil            
Clay .          .   -  

Clay...              

Clay..             
Gr3V6l
Clay           

Clay            

Sand, packed, and gravel, fine-   
Clay           

3 
11 
36 

6 
11 

4 
3 

13 
2 

22 
9 

24 
8

S 
14 
50 
56 
67 
71 
74 
87 
89 

111 
120 
144 
152
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Material
Thick 
ness 
(feet)

Depth 
(feet)

15S-27E-7dbl  Continued

Clay   ..  ____     .
Sand, packed, and some gravel __ 
Clay                 
Sand _____________ . __
Clay..............................

Clay            ...........

4 
3 

29 
13
14

5 
5 
9

156 
159 
188 
201 
215 
220 
225 
234

15S-27E-8bbl

Log obtained from Dean Eogers, driller, Aug. 17, 
1955]

Soil...                  .
Gravel; struck first water at 19 ft_.
Gravel ; struck more water. _   
Clay            
Sand. __ . _   . _ .. _
Clay             

Clay..            
Sand. ______ . ___ . ___ .  
Clay.          . ... .   ...  

Clay..              _ .

12 
7 

19 
6 

16 
15 
15 

fi 
19
I f

32 
3

12 
19 
38 
44 
60 
75 
90 
96 

115 
130 
162 
165

15S-27E-8cbl

[Log obtained from Frank P. Conley, driller, Aug. 
17, 1955]

Soil...    _______

Gravel and sand; struck first

Sand..      __     . _ .
Silt........                

Clay, silty, soft..          

Sand and gravel, coarse-grained- .. 
Clay, brown....           
Sand, coarse.. ..         .  

18 
10 

7

1C 
17 
6 
7 
3 i" 
8 

17 
10 
10 

5 
25 

5 
17 

3 
10 
2

18 
28 
35

. 45 
62 
68 
75 
78 
95 

103 
120 
130 
140 
145 
170 
175 
192 
195 
205 
207

15S-27E-18bcl

[Casing: 14-in. light-gage steel to 262 ft; perforated 
opposite all sand and gravel layers]

Soil-..                  
Clay              
Gravel..          .      
Sand, packed-....          
Clay .           
Sand, packed.. .           

2 
8 

32 
6 
5 

13

2 
10 
42 
48 
53 
66

Material
Thick 
ness 
(feet)

Depth 
(feet)

15S-27E-18bcl  Continued

Clay..               

Clay..             

Clay              

Clay               

Clay              
Sand and fine gravel. .-.   ._---.. 
Clay    ..         

Clay, soft.. _     __

Gravel and sand, impure.-   .   

Clay   _             .

8 
7 
5 

11 
10 

7 
33 
12 
16 

7 
12 
16 
17 

2 
8 

19 
4 
2

74 
81 
86 
97 

107 
114 
147 
159 
175 
182 
194 
210 
227 
229 
237 
256 
260 
262

15S-27E-18cal

[Casing: 14-in. California stovepipe from 0 to 212 ft; 
perforated with Mills knife opposite all sand and 
gravel layers; 8-in. wrought-iron from 212 to 320 
ft, perforated opposite all gravel layers]

Soil-         .   
Clay                   

Clay                  
Sand, packed _______   _  

Gravel. __________   .   .
Clay        .      

Clay                   
Gravel, sand, and clay... .  
Clay             

Clay                  

Clay......... ... ....... ...     

Clay.               
Sand; a, thin layer of gravel and a 

4-ft layer of rock at unknown

Clay     ....           -

2 
8 

18 
12 
12 
19 
23 

2 
22 

6 
18 
19 

3 
3 

31 
3 
2 
6 
3

77 
1 

30

2 
10 
28 
40 
52 
71 
94 
96 

118 
124 
142 
161 
164 
167 
198 
201 
203 
209 
212

289 
290 
320

15S-27E-19aal

[Casing: 6-in. wrought-iron from 5 to 98 ft]

Soil..              

Gravel, water-bearing.       
Cobble gravel.     -        
Clay..          

Clay..                 
Clay, gravelly...            
Gravel, water-bearing        

7 
28 
3 
8 

24 
4 

26 
2 
7

7 
35 
38 
46 
70 
74 

100 
102 
109



BASIC DATA 121

Material
Thick 

ness 
(feet)

Depth 
(feet)

15S-27E-20cb3
[Casing: 14-in. light-gage steel perforated with Mills 

knife opposite all beds of sand and gravel to 200 
ft. Drilling deeper Nov. 6, 1952]

Soil.......................... . .
Clay...... ................. _ ....
Gravel, fine, and clay; struck 

water at 20 ft __________
Clay, sandy, soft __________
Gravel _______________
Clay..............................
Gravel   ____________
Clay..............................

Clay. _ ... ____________
Clay, gravelly ___________

3 
3

16 
52 

1
8 
5 

12 
4 

10 
19

3 
6

22 
74 
75 
83 
88 

100 
104 
114 
133

Material
Thick 

ness 
(feet)

Depth
(feet)

15S-27E-20cb3  Continued

Clay      ...    .  .-

Clay... .............. ............ .

Clay     .      

Clay... ...   .   .   .-

Clay..... _ . _ .... _ . __ ... _

Sandstone conglomerate, cemented. 
Sand, and fine gravel; maximum

Sandstone conglomerate, cemented .

10 
3 
5 

13 
6 
2 
3 

14 
11 
3 
1

7 
1

143 
146 
151 
164
170 
172 
175 
189 
200 
203 
204

211 
212

CHARACTERISTICS OF WELLS

By 8. W. FADEE, B. W. MOWER, and H. G. 8ISCO

Descriptive information about nearly 400 water wells in the Raft 
Kiver basin is summarized in table 22, and the locations of the wells 
are shown on plate 4. Part of the records tabulated for some of the 
wells were obtained from a report by Stearns and others (1936). These 
wells or well sites were visited during this investigation and addi 
tional information was obtained. Sixty-seven of the old wells have 
been destroyed but the data recorded earlier are included because 
they are pertinent to the objectives of this study, have much local 
interest, and would have value in the planning of new or extended 
water developments in the area. Most of the wells listed are dug or 
drilled irrigation wells equipped with turbine or centrifugal suction 
pumps that are powered by electric motors or gasoline or diesel 
engines.
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Stream valleys, buried             24,28 
Streams, base flow_            74,75,101 

discharge              5,48-50,73
intermittent             13,24,68

StreveU, Idaho__....   _.. ...  10,32
Structure, relation to drainage         27 

relation to hydrology            24,25 
Sublett, Idaho               49
Sublett Creek, diversion for irrigation     13 
Sublett Range, topography           10,11 
Sublett Reservoir__              49 
iublimation-               29

Surface water, diversion for irrigation.. 17,29,49,103 
impoundment for irrigation.   49,81,101,103 
inflow to Raft River.        13,29,48
potential development            81

Temperature, avei age monthly         34,35 
distribution- -----           37
extremes._                 14 
ground water       - 61,62,76,83
mean annual- _    . 14,15,34,37,39,40,42 
mean monthly               15 
records_               23,37
relation to altitude.  --------------   37
relation to potential evapotranspiration  40,45
relation to water loss...          39,45

'he Narrows, altitude             11
hydrologic role____------- 28-29,47,48,50,61
location.....---   -      - 5,12,27
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Page
The Narrows Continued

structural relations_________ __.. 25,28 
subsurface geology.____________ 48 
underflow through_____________ 47

Tin-roof basins_ _ _______________ 46
Topography, relation to climate...___.... 10 

relation to structure____________ 25 
relation to volcanic rocks..____._ 10,11,20

Transmissibility, coefficient of_________ 80, 
83,84,86,87,88,91,92,93,94,95-96

Transpiration...______________ 32,75

u
Upper Narrows...______________... 12,49 
Use of water, amount________ ___ 5,17,30 

effect on downstream supplies__ __ 4,102-103 
for other than irrigation__________ 17 
limitations on..____________ 82-83,106 
See also Irrigation.

Vegetation, artificial control, 
phreatic.................
relation to altitude......
relation to climate.......

 - ... 16
  .... . 46
  -.... 16
 . .-.- 46

relation to water depletion.._____ 29,35,100
riparian___________________ 46
types...____________.______ 16
water-loving_________.______ 75

Vents, volcanic__________________ 22
Volcanic rocks, massive_.__ ______., 20

w
Water level, net decline. ___________ 68,72
Water-level fluctuation, annual________ 68

aquifer tests___._____ -______ 85,86
factors affecting..__...__._..._ 63,68,73
irrigated lowlands.....__________ 66,72
near Lake Walcott   __.......__.. 66,72
Northern Plains section....________ 66
seasonal__.___....._____ 66,68,69-72
Snake River Plain._____________ 72

Page 
Water supply, adequacy__....__   . 5
Water table, depth..--.----.--.__......_. 63

effect on vegetal growth....___.  16,75,100
fluctuation.... .     -  63,66,68
gradient              63,74,75
position____-___-..-...---..---. 46,62,63
relation to rivers and lakes ___ ____ 5,48

Waterrlghts             5,102,103
Water yield, computation________ 43,45,46,47 

definition.__________________ 45,100 
relation to altitude..... .__._    45
relation to climate_________    43-46 
relation to coefficient of transmissibility. - 95,96 
relation to soils..___.._____    46 
total. ..--_ .    ____.__.. 47,80 
unconsumed..________... 74,79,80,101,102 

Well-numbering system.....______...  8,9
Wells, artesian.._____..._..__..... 29,61,78

irrigation, construction.. ___.... 86,88,97,98
depth... .        .- 97
drawdown  _......._...... 88,92,94
location--.            61,62
water quality.  _.___...._ 77,78,99
water temperature_______    62
yield..        .      95,97

near Lake Walcott .__-____    28
observation  ....__......... 63,86,87,88,92
test                   85-91

Windblown deposits -_....     __. 23,28

Yost-Almo basin, bedrock, 
definition        
drainage_    .... 
irrigated land__..-

 ... _    29
         12
  ......... 12
       47

underflow from___________._.. 29,47
water yield_____ ________    47,80

Yost basin, area of irrigation_  _    17
Yost Valley, altitude            10

discharge from                  49 
drainage__      ...  __    12

o
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